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CHAPTER  I 


INTRODUCTION 

Overview 

The  recent  emphasis  on  efficiency  and  careful 
money  management  by  the  American  public  and  their  elected 
representatives  at  the  federal  and  state  levels  requires 
a  reexamination  of  costs  in  all  facets  of  government 
activities.  Travel  by  government  employees  is  one  of  the 
most  highly  visible  activities  and,  consequently,  the 
expenditures  for  travel  demand  the  attention  of  elected 
officials.  An  examination  of  travel  costs  requires  the 
study  of  two  major  areas.  Initially,  this  study  must 
determine  the  costs  of  travel.  Through  the  use  of  learn¬ 
ing  curve  theory,  it  is  proposed  that  travel  management 
activities  (for  definition  of  this  term  and  others,  see 
Appendix  A)  estimate  the  future  costs  of  travel  for 
government  officials.  This  would  enable  these  officials  to 
budget  for  future  travel  activities,  and  to  determine  what 
travel  costs  should  be.  The  second  major  area  of  study 
involves  the  nature  of  travel  management.  An  examination 
of  the  travel  management  activities  should  reveal  the 
effectiveness  of  cost  control  in  this  facet  of  government 
operations. 


Learning  Curve  Theory 

Learning  Curve  Theory  provides  a  quantitative 
tool  by  which  corporations  price  production  units,  enact 
make  or  buy  decisions,  and  purchase  major  acquisition  sys¬ 
tems.  Largely  used  in  the  production  and  system  acquisi¬ 
tion  environments,  learning  curve  theory  emerged  from  the 
production  of  aircraft  in  the  1920s.  T.  P.  Wright  reported 
the  cost  volume  relationship  typified  by  the  learning  curve 
in  an  article  published  in  1936  (58:122-128) .  The  learn¬ 
ing  curve  gained  its  popularity  during  World  War  II  in 
major  defense  acquisition  projects  such  as  shipbuilding 
and  aircraft  production  (5:88).  After  the  war,  commercial 
industry  adapted  the  learning  curve  to  the  production  of 
appliances,  and  other  manufactured  items. 

As  discussed  above  and  in  more  detail  in  Chapter 
III,  learning  curve  theory  has  been  used  primarily  in  the 
production  and  manufacturing  environment.  One  of  the  major 
objectives  of  this  research  is  to  demonstrate  the  effec¬ 
tiveness  of  the  learning  curve  in  the  service  environ¬ 
ment.  Further  learning  curve  theory  provides  an  approach 
or  structure  from  which  to  study  service  pricing  or  alter¬ 
native  decision  problems.  Examination  of  this  aspect  of 
learning  curve  theory  will  be  accomplished  in  Chapters  V 
and  VI. 
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Travel  Management 

During  1981,  the  federal  government  spent  four 
billion  dollars  on  travel  (39:1).  The  Department  of 
Defense  (DOD)  share  of  this  expenditure  was  65  percent 
(39:1).  A  General  Accounting  Office  (GAO)  report  pub¬ 
lished  in  July  1978  found  "Federal  employees  travelling 
on  government  business  frequently  had  not  taken  advantage 
of  available  discount  fares."  As  a  result,  the  federal 
government  incurred  a  commercial  air  travel  cost  signifi¬ 
cantly  higher  than  necessary.  This  GAO  report  presented 
numerous  examples  of  travellers  not  using  discounts  such 
as  excursion,  group,  or  off-peak  fares,  even  though  these 
fares  were  readily  available  and  would  not  interfere  with 
agency  business.  Four  examples  of  governmental  waste  dis¬ 
cussed  in  the  GAO  report  are  illustrated  below. 

1.  The  Federal  Aviation  Administration  unneces¬ 
sarily  spent  as  much  as  $312,000  for  the  air  travel  of 
employees  attending  centralized  training  courses  in 
Oklahoma  by  failing  to  use  excursion  fares. 

2.  The  DOD  spent  $230,000  in  excess  of  excursion 
fares,  while  sending  reserve  trainees  to  two-week  training 
sessions. 

3.  The  Environmental  Protection  Agency  lost  the 
opportunity  to  save  $357  by  failing  to  use  a  group  fare 
to  a  conference  in  Salt  Lake  City,  Utah. 
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4.  The  Department  of  Energy  (DOE)  sends  its 
employees  to  Washington  National  Airport,  across  the  river 
in  Virginia,  to  catch  flights  to  Philadelphia  euid  New  York. 
Yet  the  Union  Station's  Metroliner  is  just  a  block  and  a 
half  from  the  DOE  office.  The  GAO  report  calculated  the 
average  travel  time  between  Washington  and  Philadelphia, 
allowing  for  taxi  rides  to  the  terminals,  as  two  hours 
and  twelve  minutes  by  train,  and  three  minutes  longer  by 
air.  The  air  fare  cost  is  more  than  twice  the  cost  of  the 
train  fare  (55:ii). 

In  a  memorand\im  to  the  Heads  of  Executive  Depart¬ 
ments  and  Agencies,  President  Ronald  Reagan  addressed  the 
issue  of  management  inefficiencies  and  wasteful  spending 
causing  the  cost  of  travel  to  increase.  Through  this 
memorandum.  President  Reagan  directed  the  following 
changes  to  be  made  to  federal  travel  policies  and  prac¬ 
tices. 

1.  Separate  travel  regulations  for  civilian 
employees,  foreign  service,  and  uniformed  services  will  be 
simplified,  standardized,  and  updated  to  assure  consistent 
treatment  of  all  federal  travellers. 

2.  Travel  authorization  policies  will  be  tightened, 
including  a  reduction  in  the  use  of  general  travel  authori¬ 
zations. 

3 .  Travel  services  for  agency  employees  will  be 
improved  at  headquarters  and  principal  field  locations. 


including  greater  use  of  comznercial  ticketing  and  travel 
services,  and  available  discounts. 

4 .  Greater  efforts  will  be  made  in  cooperation 
with  the  travel  industry  to  expand  the  availability  and 
use  of  transportation,  lodging,  and  other  travel  related 
discounts  for  federal  travellers. 

5.  Travel  reimbursement  policies  will  be  stream¬ 
lined  to  include  adoption  of  locality-based  flat  per  diem 
rates  for  subsistence  costs,  improved  controls  over  travel 
advances,  and  simplified  voucher  processing  (39:2). 

Implementation  of  these  recommendations  is  expected 
to  provide  a  cost  savings  of  over  $200  million,  which 
includes  a  cost  avoidance  of  $116  million  in  direct  travel 
expenditures  eind  a  savings  of  over  $85  million  in  adminis¬ 
trative  costs  (see  Appendix  B)  (50:180). 

The  GAO  report  discussed  above  provided  three 
reasons  why  federal  employees  have  not  obtained  the  lowest 
available  fares.  They  are:  (1)  employees  did  not  know 
special  fares  existed;  (2)  employees  did  not  make  airline 
reservations  sufficiently  in  advance  to  qualify  for  reduced 
fares;  (3)  no  agency  was  responsible  for  making  group 
reservations  for  federal  employees  attending  multi-agency 
conferences,  or  for  employees  of  various  agencies  who 
routinely  had  common  departures  and  destinations  (55:5) . 

Shortly  after  publication  of  this  GAO  report,  the 
Deputy  Assistant  Secretary  of  Defense  established  the 
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Framework  for  Reservation  and  Ticketing  Service  (FRATS) 
working  group.  The  group  was  tasked  with  the  development 
of  improved  passenger  routing,  reservation  and  ticketing 
procedures  within  the  DOD. 

The  FRATS  working  group  studied  alternative 
approaches  for  improving  air  passenger  routing,  reserva¬ 
tion  and  ticketing  procedures;  developed  guidelines  for 
use  by  individual  activities  in  selecting  the  optimum 
reservation  and  ticketing  service  to  meet  their  needs; 
produced  a  set  of  standards  covering  the  product  charac¬ 
teristics  most  desirable  in  any  electronic  reservation 
and  ticketing  service;  cuid  developed  a  uniform  bilateral 
agreement  to  be  negotiated  with  industiry  representatives 
to  guide  operations  of  commercial  ticketing  offices  on 
defense  installations  (52:1). 

Subsequent  to  the  birth  of  the  FRATS  group,  each 
of  the  military  departments  was  independently  testing 
different  approaches  to  government  travel  management.  The 
Air  Force  concept  of  reservations  and  ticketing  relied  pri 
marily  on  services  provided  by  the  Scheduled  Airline 
Traffic  Office  (SATO) .  In  1979,  the  Air  Force  automated 
the  SATO  under  the  enhanced  SATO  program  (43) .  This 
enabled  the  Air  Force  to  take  advantage  of  airline  reser¬ 
vations  and  ticketing  systems  in  a  real-time  environment. 
The  enhanced  SATO  also  provides  monthly  management  reports 
allowing  cost  center  managers  to  better  control  travel 


costs.  The  enhanced  SATO  progrcun  affected  a  closer  associ 
at ion,  both  physically  and  operationally,  between  the  SATO 
and  the  traffic  management  offices,  as  well  as  with  the 
accounting  and  finance  travel  and  the  personnel  orders  sec 
tions.  This  closer  association  of  the  four  activities 
enables  the  military  member  to  prepare  for  a  temporary 
duty  assignment  at  one  central  location. 

The  Army  initially  challenged  the  basic  SATO 
concept,  which  has  been  in  existence  for  over  twenty  years 
with  their  Standard  Travel  Advanced  Reservation  System 
(STARS)  in  1979.  While  STARS  was  later  renamed  as  the 
Travel  Management  Services  Program  (TMSP) ,  the  Army  pro¬ 
posal  remained  the  same.  This  proposal  suggests  the  use 
of  local,  privately  owned  travel  agencies  and  independent 
airline  travel  agents  in  addition  to  the  SATO.  The  deter¬ 
mination  of  which  commercial  travel  memager  would  be  used 
would  be  made  by  individual  military  installations.  The 
challenge  to  the  enhanced  SATO  program  by  the  TMSP  con¬ 
stitutes  the  alternative  decision  problem  referenced  in 
the  learning  curve  theory  portion  of  this  chapter. 

Statement  of  Problem 

This  research  focuses  on:  (1)  applying  the  learn¬ 
ing  theory  to  a  service-oriented  industry,  and  (2)  the 
efficient  spending  of  Air  Force  air  transportation  dollars 
via  commercial  carriers. 


The  learning  curve  theory  has  been  typically  used 
in  a  high  volume,  high  cost,  complex  production  environ¬ 
ment.  This  research  attempts  to  determine  the  usefulness 
of  the  learning  curve  as  an  evaluative  tool  in  the  service 
environment. 

Further,  the  problem  centers  around  the  efficient 
spending  of  commercial  air  passenger  transportation  dol¬ 
lars.  In  particular,  this  facet  of  the  problem  requires 
a  management  decision  regarding  the  use  of  a  private 
carrier-sponsored  Scheduled  Airline  Transportation  Office 
(SATO)  versus  an  independent  travel  agency.  Within  this 
determination  lies  the  nature  of  future  air  passenger 
transportation  cost  control. 

Justification 

The  need  for  efficient  spending  and  effective  cost 
control  has  been  mandated  by  the  legislative  and  executive 
branches  of  the  federal  government.  In  July  1981,  the 
Senate  Committee  on  Governmental  Affairs '  Hearing  on 
Travel  Management  highlighted  the  legislative  branch's  con 
cern  ov'^r  the  administration's  travel  management  program 
(50:1-4).  As  mentioned  above,  the  executive  breuich 
spends  approximately  four  billion  dollars  on  travel 
annually,  2.7  billion  dollars  of  which  is  spent  in  the 
Department  of  Defense  (50:2,9).  Consequently,  there  is  a 


strong  focus  on  the  Department  of  Defense  and  its  efforts 
to  reduce  and  streamline  costs. 

The  Reagan  Administration's  drive  to  streamline 
travel  costs  led  to  what  Edwin  L.  Harper,  the  Deputy 
Director  of  the  Office  of  Management  and  Budget  (0MB) , 
called  "...  the  most  comprehensive  program  of  travel 
reforms  ever  attempted.  .  .  [50:31]."  To  facilitate 
these  reforms  the  President  created  the  Travel  Management 
Improvement  Group.  This  group,  headed  by  the  Associate 
Director  of  Management  of  the  0MB,  provides  a  forum  of  all 
federal  departments  leading  to  better  cost  control,  feed¬ 
back,  and  uniform  travel  management  systems.  Through  the 
reform  spearheaded  by  the  group,  the  federal  travel  manage¬ 
ment  system  is  expected  to  achieve  an  annual  savings  of  200 
million  dollars  (50:37).  Much  of  this  savings  will  be 
attributed  to  the  use  of  airline  discounts  and  improved 
passenger  processing  methods  (50:37). 

Studies  performed  by  the  General  Accounting  Office 
have  reflected  the  congressional  interest  to  reduce  travel 
expenditures.  While  the  Harbridge  House  "Study  of  DOD 
Organization  for  Transportation  and  Traffic  Management" 
suggests  organizational  and  procedural  changes  at  a  higher 
level  than  this  research  examines,  the  theme  of  the  study 
is  the  same.  Both  studies  aim  at  streamlining  cost,  and 
providing  the  most  transportation  for  the  dollar. 
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A  second  major  justification  of  the  research  con¬ 
cerns  the  upcoming  test  of  the  Travel  Management  Services 
Program  (TMSP)  sponsored  by  the  Military  Traffic  Manage¬ 
ment  Command  (MTMC) .  This  program  examines  the  use  of 
travel  agencies,  independent  travel  organizations,  and 
SATOs  as  DOD  travel  management  agencies.  Request  for  pro¬ 
posals  have  been  developed  by  all  three  services  and  sent 
to  participating  commercial  travel  organizations.  These 
organizations  will  submit  bids  to  perform  travel  services 
during  the  test  period  (twelve  months  with  provisions  for 
a  twelve-month  extension) .  The  test  will  demonstrate  the 
ability  of  agencies  other  than  SATOs  to  perform  transpor¬ 
tation  functions.  It  also  institutes  a  total  transporta¬ 
tion  program  including  ground  transportation,  car  rentals, 
hotel  reservations,  and  group  transportation  rates. 

Another  justification  of  this  research  pertains  to 
the  state  of  the  national  economy.  The  reduction  of  govern¬ 
mental  spending  under  the  supply  side  economics  philosophy 
of  the  Reagan  Administration  requires  all  facets  of  govern¬ 
mental  operations  be  examined.  Federal  travel  management 
warrants  investigation  as  examples  of  travel  waste  and 
abuse  are  abundant.  Further,  federal  travel,  with  the 
exception  of  the  DOD  and  the  General  Services  Administra¬ 
tion  (GSA) ,  has  been  conducted  out  of  the  purview  of  a 
central  travel  management  agency.  Outdated  travel  regula¬ 
tions  add  to  the  problem  of  managerial  control.  Due  to  the 
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state  of  the  economy,  and  the  lack  of  knowledge  regarding 
government  travel  expenditures,  congressional  reductions  in 
government  spending  are  aimed  often  at  the  heart  of  the 
travel  budget. 

Finally,  the  development  of  airline  and  ground 
transportation  deregulation  has  rendered  the  manual  method 
of  travel  management  obsolete.  Airline,  rail  and  bus 
guides  are  inaccurate  at  the  time  of  publication.  Real¬ 
time  automated  reservation  systems  are  necessary  to  deter¬ 
mine  the  most  economic  method  of  travel.  Airline  rates 
on  the  major  channels  are  the  most  competitive  and  demand 
continual  attention.  In  this  type  of  environment,  a 
capable  travel  management  agency  equipped  with  automated 
reservation  systems  operated  by  trained  reset vjatv ion  a:#ents 
is  crucial  to  an  effective  governmental  operation. 


Research  Objective 

The  objective  of  this  research  is  twofold.  Ini¬ 
tially,  this  study  attempts  to  determine  the  predictive 
ability  of  learning  curve  theory  as  applied  to  travel 
expenditures  in  a  service  environment.  This  application 
will  provide  a  managerial  tool  for  developing  future  per¬ 
formance  goals  of  the  SATO,  operating  limits  for  control 
purposes,  as  well  as  travel  budgeting  criteria.  Secondly, 
the  research  presents  a  subjective  analysis  between  tiae 
enhanced  SATO  and  the  proposed  TMSP.  At  the  conclusion 
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of  this  presentation,  this  study  will  examine  the  useful¬ 
ness  of  SATO  cost  projections  obtained  through  learning 
curve  theory  in  establishing  comparable  cost  criteria. 
Dependent  on  the  credibility  of  the  cost  criteria  obtained, 
the  cost  criteria  may  be  used  in  comparison  with  the 
actual  TMSP  data  collected  during  the  upcoming  TMSP  test. 


Research  Question 

This  research  attempts  to  answer  the  question: 

May  learning  curve  theory  be  used  to  predict  air  transpor¬ 
tation  cost  savings  in  a  SATO,  and  establish  SATO  cost 
criteria  with  which  to  compare  other  travel  management 
agencies? 


This  study  is  based  on  the  travel  requirements 
and  operations  of  the  United  States  Air  Force.  The  results, 
however,  may  be  adapted  to  other  services. 

The  purpose  of  the  selection  criteria  developed 
through  learning  curve  projections  is  to  aid  the  Air  Force 
in  its  decision  among  two  alternative  methods  of  travel 
management  currently  available  to  the  DOD — SATO  and  TMSP. 

The  data  base  is  limited  to  the  twenty  original 
enhanced  SATO  bases.  This  group  of  bases  was  chosen  to 
allow  for  the  application  of  the  learning  curve  theory  over 
a  substantial  period  of  time.  The  time  frame  examined  is 
January  1981  to  February  1982. 
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Asstimptions 

The  research  reported  in  this  paper  is  based  on 
the  following  assumptions: 

1.  Costs  are  expressed  in  1981-82  dollars. 

2.  The  original  twenty  bases  are  representative 
of  the  SATO  enhanced  programs  Air  Force-wide. 

3.  The  airline  marketing  system  will  remain 
intact  and  much  like  the  status  quo  after  the  sunset  of 
the  Civil  Aeronautics  Board  (CAB)  for  the  purpose  of  learn¬ 
ing  curve  projections. 

4.  Travel  agencies  will  be  reimbursed  by  commer¬ 
cial  airlines  through  commissions  on  government  official 
travel . 

5.  Through  the  projected  period,  services  offered 
and  provided  by  the  SATO  would  remain  the  same.  (SATO 
services  offered  under  TMSP  would  be  considered  sepa- 
arately . ) 

6.  Airline  rates  will  not  increase  as  a  result 
of  carriers  paying  a  commission  to  the  travel  agents 
under  TMSP. 

7.  Performance  data  for  the  sample  enhanced 
SATOs  are  correct  as  received  from  the  Passenger  Division 
of  the  United  States  Air  Force  Directorate  of  Transporta¬ 
tion  (HQ  USAF/LETTB) . 
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8.  The  SATO  located  at  McGuire  AFB,  New  Jersey 
should  provide  comparable  performance  results  to  the  travel 
agency  operating  at  Travis  AFB,  California. 

9.  The  learning  curve  plotted  by  unit  uses  the 
number  of  passengers  travelling  in  the  same  month  of  the 
previous  year. 


Limitations 

The  results  of  the  experiment (s)  performed  in  this 
research  effort  are  limited  in  the  following  ways: 

1.  Cost  criteria  provided  through  the  learning 
curve  theory  are  valid  for  SATOs  as  they  provide  services 
now. 

2.  The  services  provided  by  the  SATO  at  Wright- 
Patterson  AFB  (WPAFB)  are  considered  as  standard.  (A  dis¬ 
cussion  of  the  selection  of  WPAFB  is  included  in  Chapter  II.) 

3 .  The  model  constructed  for  the  travel  agency  is 
based  on  published  projections. 

Summary 

In  this  chapter,  the  authors  defined  and  outlined 
the  goals  of  this  research.  The  differences  between  the 
SATO  and  TMSP  are  described  in  detail  in  Chapter  II. 

Chapter  III  comprises  a  literature  review  of  learning 
curve  theory  and  its  applications.  In  Chapter  IV,  the 
methodology  describes  the  use  of  learning  curve  theory, 
and  its  application  to  the  percentage  of  passengers  using 
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CHAPTER  II 


OVERVIEW  OF  SATO  AND  TMSP 

Introduction 

The  two  methods  of  travel  management  currently 
available  to  the  Department  of  Defense  are  the  enhanced 
Scheduled  Airline  Traffic  Office  (SATO) ,  as  implemented 
by  the  Air  Force,  and  the  Travel  Management  Services  Pro¬ 
gram  (TMSP) ,  as  proposed  for  implementation  at  Travis 
AFB,  California.  An  overview  of  each  alternative  is 
presented  in  this  chapter  beginning  with  discussion  of 
the  SATO. 


Scheduled  Airline  Traffic  Office  (SATO) 

Under  a  contractual  agreement  between  the  Air 
Force  and  the  Air  Transport  Association  of  America,  the 
commercial  airlines  are  invited  to  establish  SATOs  at 
Continental  United  States  (CONUS)  Air  Force  installations. 
These  offices  are  under  the  monitor ship  of  the  base  traf¬ 
fic  management  office  to  insure  compliance  with  the  memo¬ 
randum  of  understanding  incorporated  by  the  parties  men¬ 
tioned  above. 


The  purpose  of  the  SATO  is  to  provide  the  lowest 
cost  routing,  including  discounted  and  joint  construction 
fares,  on  a  fair  and  impartial  basis.  The  SATO  operation 


must  be  consistent  with  mission  requirements  euid  guid¬ 
ance  furnished  by  the  host  traffic  management  office  con¬ 
cerning  the  conditions  under  which  discounted  fares  should 
be  used.  In  January  1981,  the  Air  Force  initiated  the 
enhanced  SATO  program  to  take  advantage  of  commercially 
available  automated  reservation  systems  and  discounted 
fares.  The  events  leading  to  the  enhancement  program  are 
discussed  next,  followed  by  a  description  of  the  key 
features  of  the  program. 

In  1977,  the  automated  reservation  system  gained 
popularity  in  the  commercial  air  travel  industry  (52:2). 

In  January  1978,  the  Deputy  Assistant  Secretary  of  Defense 
for  Supply,  Maintenance  and  Services  requested  the  Military 
Traffic  Management  Command  (MTMC)  to  perform  a  cost- 
benefit  study  of  automated  airline  reservation  and  ticket¬ 
ing  services  to  determine  the  feasibility  of  adopting 
these  services  at  military  installations.  Specifically, 
MTMC  was  asked  to  determine  the  cost  effectiveness  of 
acquiring  and  using  Electronic  Reservation  and  Ticketing 
Systems  (ERTS)  in  lieu  of  SATO  facilities  and  programs  or 
some  other  procedure  (48:3). 

The  MTMC  study,  completed  in  1978,  indicated  that 
SATO  operations  were  not  consistent  with  mission  require¬ 
ments  and  guidelines  furnished  by  the  host  TMO  concerning 
the  conditions  under  which  discounted  fares  should  be 
used.  MTMC  reported  at  least  36  percent  of  DOD  official 
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traffic  was  routed  solely  by  the  SATO.  The  study  also 
claimed  SATO's  routing  was  biased  and  not  always  at  the 
lowest  fare.  In  an  article  entitled  "Reduced  Airline 
Fares — AFISC,"  TIG  Brief,  November  1978,  the  following 
statement  was  made:  "...  TMO  responsibility  for  arranging 
support  for  official  travellers  (routing,  flight  reserva¬ 
tions,  time,  etc.)  must  not  be  passed  on  to  SATO."  State¬ 
ments  such  as  this  were  based  on  attitudes  shared  by  MTMC 
that,  "SATOs  and  the  airline  industry  in  general  are 
ineffective  tools  for  obtaining  lowest  cost  transportation 
vdiich  meets  OOD  mission  requirements  [48:4]." 

Based  on  these  findings,  the  MTMC  study  recommen¬ 
dation  was  that  installation  traffic  management  and  trans¬ 
portation  officers  were  to  utilize,  vdierever  possible,  the 
Electronic  Reservation  and  Ticketing  System  (ERTS)  which 
would  (1)  save  travel  dollars  through  decreased  reliance 
on  SATOs,  and  (2)  fit  into  a  future  MTMC  managed  traffic 
reservation  system  known  then  as  STARS  (48:4). 

Disenchanted  with  the  conclusions  of  the  MTMC 
study,  members  of  the  USAF  Directorate  of  Transportation 
(HQ  USAF/LET)  performed  an  on-site  study  of  the  SATO  at 
Wright-Patterson  AFB,  Ohio  (WPAFB) ,  which  processes  over 
53,000  duty  travel  requests  per  year  (47). 

The  Air  Staff  Group  found  little  evidence  to  sup¬ 
port  the  MTMC  conclusions.  What  the  Air  Staff  did  find 
was  highly  qualified  clerks  using  ten  cathode  ray  tubes 
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(CRTs)  connected  to  the  Delta  Airline  Central  Reservation 
System.  They  then  decided  WPAFB  provided  an  excellent 
opportunity  and  location  for  improving  the  Air  Force  travel 
management  system  and  answering  MTMC's  allegations. 

Seeking  a  means  for  taking  immediate  advantage  of 
the  automated  reservation  system  and  discount  fares,  the 
Air  Force  developed  the  enhanced  SATO  program.  The 
colocation  of  the  SATO  and  TMO  offices  was  established  to 
facilitate  a  closer  working  relationship.  The  enhancement 
also  involved  shifting  the  responsibility  of  travel 
routing  from  the  TMO  to  the  SATO,  as  well  as  requiring  the 
SATO  to  provide  the  TMO  a  Monthly  Management  Summary  Report 
which  the  TMO  uses  as  a  tool  to  monitor  the  SATO  perform¬ 
ance.  The  original  contractual  agreement  between  the  Air 
Force  and  the  Air  Transport  Association  of  America  (ATA) 
was  amended  to  explicitly  state  the  requirement  of  taking 
advantage  of  "lowest"  fares  and  SATO's  responsibility  to 
provide  managerial  data  for  evaluative  purposes.  This  data 
is  provided  on  a  Standard  Source  Document  and  forwarded  on 
a  daily  basis  to  the  Service  Bureau  Corporation  (SBC) , 
Richmond,  Virginia,  by  each  SATO. 

Two  separate  reports  will  be  developed  by  the  SBC 
and  submitted  to  HQ  MTMC  monthly  on  magnetic  tape.  These 
reports  are  called  the  Monthly  Management  Summary  Report. 

One  report  will  show  passenger  movement  by  class 
of  travel  between  city  pairs.  The  other  will  provide 
summary  revenue  totals  of  official  traffic  moved 
between  city  pairs. 
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Comparisons  of  costs  of  SATO  developed  routings 
versus  base-line  Y  class  costs  over  the  same  routes 
will  be  summarized  to  determine  savings  through  the 
use  of  discount  fares.  Additionally,  total  traffic 
by  organization  and  a  comparison  of  discount  fares 
versus  full  travel  as  well  as  a  summary  on  non-use 
codes  for  each  organization  will  also  be  furnished 
[48:10]  . 

The  enhanced  SATO  program  answered  GAO ' s  criticism 
of  the  failure  of  government  agencies  to  educate  travellers 
on  discount  fares,  to  document  the  use/non-use  of  discount 
fares,  to  analyze  non-use  of  discount  fares  and  to  audit 
the  monies  spent  on  travel  (55:5) .  This  program  also 
answered  the  criticism,  stated  previously  in  this  chapter, 
of  the  MTMC  study.  The  six -month  test  (1  July  to  31  Decem¬ 
ber  1979)  confirmed  that  significant  economies  were  pos¬ 
sible  through  close  cooperation  between  the  TMO  and  the 
SATO.  The  test  also  demonstrated  that  information  gathered 
through  SATO  reporting  procedures  was  vital  to  the  TMO  in 
the  analysis  of  unit  travel  programs. 

As  of  April  1982,  the  enhanced  SATO  program  sub¬ 
sequently  was  implemented  at  fifty  CONUS  bases.  In  addi¬ 
tion,  the  ATA  has  established  SATO  satellite  service  at 
eighteen  small  bases  where  the  traffic  flow  does  not  war¬ 
rant  an  independent  SATO. 


Travel  Management  Services  Program  (TMSP 


The  proposed  Travel  Management  Services  Program, 
foirmally  known  as  the  Standard  Travel  Advanced  Reservation 
System  (STARS) ,  was  influenced  by  the  Office  of  Management 
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and  Budget  Circular  No.  A-76  which  reaffirmed  the  govern¬ 


ment's  general  policy  of  "reliance  on  the  private  sector 
for  goods  and  services"  and  knowledge  received  from  indus¬ 
try  publications  pointing  to  industry's  increased  reliance 
on  commercial  travel  management  firms  to  provide  a  full 
range  of  travel  support  at  no  cost  to  themselves  (33:1). 
This  proposal,  through  a  contractual  agreement  with  travel 
agents,  seeks  to  use  the  con^etitive  travel  industry  market 
to  maximize  travel  support  while  minimizing  cost  to  the 
government.  The  selected  travel  agency  will  provide  a 
single  point  of  contact  for  (1)  air,  rail,  bus,  lodging, 
and  rent-a-car  reservations;  (2)  the  collection  of  cost, 
administrative,  and  travel  data  with  provisions  to  generate 
detailed,  multi-modal  management  reports;  (3)  the  genera¬ 
tion  and  delivery  of  mode  tickets  and  hard-copy  itineraries 
(4)  the  increased  use  of  transportation,  lodging  and 
rent-a-car  discounts;  and  (5)  toll-free  twenty-four  hour 
telephone  access  (40:10). 

The  government  will  reimburse  the  organization  at 
cost  of  the  services  (tickets,  lodging,  and  car  rental) 
provided  to  the  official  traveller.  All  compensations 
must  be  collected  in  the  form  of  commissions  from  car¬ 
riers  and  others  with  whom  travel  accommodations  are  con¬ 
firmed.  If  the  installation  commanding  officer  provides 
the  necessary  office  space,  the  travel  agency  must  locate 
its  office  on  the  installation.  Should  office  space  not 
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be  available  on  the  installation,  the  travel  agency  is 
required  to  locate  its  office  in  a  suitable  facility  within 
a  ten-mile  radius  of  the  installation. 


Test  Objectives 

The  objective  of  the  one-year  pilot  program  test 
of  the  TMSP  is  to  identify  and  evaluate  potential  economies 
improved  services,  and  problems  associated  with  the  use 
of  a  commercial  organization  to  support  official  travel 
requirements  (33:3). 

The  dollar  savings  and  improved  service  to  the 
DOD,  associated  with  the  TMSP,  are  expected  in  the  follow¬ 
ing  areas: 

1.  Production  of  detailed  management  reports 
useful  for  negotiating  volume  discounts  for  transportation, 
lodging,  and  rental  cars. 

2.  Reduction  of  documentation  and  costs  in  process¬ 
ing  documents. 

3.  Reduction  in  travellers'  (and  supporting  staff) 
non-productive  time. 

4.  Increased  use  of  discounted  fares  and  use  of 
cost-favorable  routings. 

5.  Increased  use  of  discounted  rental  cars. 

6.  Increased  use  of  discounted  lodging  (33:4). 

The  DOD  requested  contrac.  proposals  from  all 

areas  of  the  travel  industry;  i.e.,  the  mode  operators. 
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carrier  associations,  travel  agents,  commercial  vendors, 
and  other  interested  transportation-oriented  organizations, 
in  order  to  select  the  travel  agent  most  capable  of  ful¬ 
filling  program  objectives. 

Test  Site  Selection 

Test  site  selection  is  based  on  criteria  which 
includes  adequate  dollar  volume,  diversity  of  travellers, 
favorable  geographic  location,  and  disbursing  structure. 
Each  service  selected  its  own  site:  (1)  Department  of  the 
Army — Tank  Automotive  Command,  MI;  (2)  Department  of  the 
Navy — Marine  Corps  Development  and  Education  Command, 
Quantico,  VA;  (3)  Department  of  the  Air  Force — Travis  AFB, 


Summary 

A  synopsis  of  the  two  travel  management  alterna¬ 
tives  available  to  the  DOD  was  presented  in  this  chapter. 

A  comparison  of  these  alternatives  (SATO  as  implemented 
at  WPAFB  and  TMSP  as  implemented  at  Travis  AFB)  through 
subjective  and  quantitative  analysis  will  be  discussed  in 
Chapter  V.  As  mentioned  earlier,  Travis  AFB  does  not  have 
a  SATO  currently  in  operation,  in  order  to  make  a  valid 
comparison  of  SATO  and  TMSP  performances,  the  authors 
selected  a  SATO  location  operating  in  a  similar  environment 
to  Travis  AFB.  WPAFB  SATO  performance  was  chosen  to  be 
the  comparative  measure  for  the  TMSP  test  performance  at 
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Travis  because  it  was  the  testing  ground  for  the  enhanced 
SATO  concept.  An  in-depth  discussion  on  the  learning  curve 
and  the  theory  which  the  learning  curve  concept  is  based 
follows  this  chapter. 


CHAPTER  III 


LITERATURE  REVIEW 

The  United  States'  current  economic  plight  coupled 
with  the  ever-increasing  scrutinization  of  Department  of 
Defense  (DOD)  spending  by  Congress,  mandates  an  effective 
means  of  estimating  and  controlling  travel  cost**.  The 
July  1981  Hearing  on  Federal  Travel  Management  before  the 
Senate  Committee  on  Governmental  Affairs  illustrated  the 
national  concern  over  efficient  governmental  spending  on 
travel  and  all  other  facets  of  federal  operations.  This 
is  true  particularly  in  the  DOD  as  defense  spending 
increases.  Senator  William  V.  Roth,  Chairman  of  the 
Governmental  Affairs  Committee,  states  in  his  opening 
remarks  that,  ".  .  .  it  is  extremely  important  that  as 
we  increase  defense  expenditures,  that  the  American  public 
becomes  persuaded  that  the  money  is  well  spent  [50:6-7]." 
This  sentiment  is  echoed  by  Deputy  Secretary  of  Defense 
Frank  Carlucci  who  states,  "If  DOD  does  not  produce  real 
savings  and  cost  efficiencies,  it  will  be  hard  to  maintain 
the  national  consensus  that  now  supports  increased  defense 
strength  [56:28] . " 

Quantification  of  transportation  costs  and  efficien¬ 
cies  has  gained  increasing  importance  due  to  the  political 


environment  in  which  the  DOD  operates.  Committees  such 
as  the  Senate  Governmental  Affairs  Committee  have  demanded 
precise  cost  and  travel  data  to  evaluate  the  performance 
of  federal  management.  Senator  Roth  summarizes  this  point 
as  follows: 

We  have  heard  for  too  long  that  no  one  knows  how 
much  federal  travel  goes  on.  Now  we  do  [through  the 
Interagency  Travel  Management  Study]  and  the  public 
is  going  to  expect  action  [50:3] . 

Without  precise  cost  and  travel  data  to  justify  necessary 

travel  programs,  federal  activities  run  the  risk  of  being 

subjected  to  arbitrary  budget  reductions.  For  example, 

previous  lack  of  travel  data  led  to  across-the-board  travel 

cuts,  some  in  excess  of  500  million  dollars  a  year  (50:2-7). 

This  research  presents  a  methodology  based  on 
learning  curve  theory  by  which  future  transportation 
economies  affected  by  the  Scheduled  Airline  Transportation 
Office  (SATO)  can  be  predicted.  Operating  largely  on  the 
basis  of  cost-volume  relationships,  learning  curve  theory 
has  been  used  as  a  relatively  accurate  estimator  of  produc¬ 
tion  costs.  Learning  curve  theory  particularly  has  been 
useful  in  the  manufacturing  and  acquisition  management 
environments.  The  purpose  of  this  chapter  is  to  examine 
learning  curve  theory  and  its  applications. 

Learning  Curve  Theory 

Learning  curve  theory  describes  a  phenomenon 
whereby  an  individual  performing  repetitive  tasks  achieves 
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a  more  efficient  production  rate  due  to  improved  manual 
dexterity.  Plotting  unit  or  average  unit  production 
against  time,  the  learning  curve  reveals  a  consistent 
relationship.  As  quantities  of  production  double,  time  of 
production  declines  at  a  constant  rate.  This  constant 
rate  is  referred  to  as  the  rate  of  learning.  Rates  of 
learning  fall  within  a  range  of  50  to  100  percent,  where  a 
50  percent  learning  curve  infers  that  no  additional  time 
was  required  to  produce  the  doubled  quantity,  and  where 
100  percent  implies  a  total  absence  of  learning  (59:306). 

For  example,  if  there  exists  a  90  percent  rate  of  learn¬ 
ing  and  the  first  production  unit  required  forty  hours 
of  direct  labor,  the  second  unit  would  be  produced  in 
thirty-six  hours  and  the  fourth  unit  would  be  produced  in 
32.4  hours.  Thus,  it  can  be  seen  that  the  90  percent 
rate  of  learning  implies  a  10  percent  reduction  in  the  time 
to  produce  the  doubled  unit  of  production. 

While  early  psychological  studies  revealed  the  con¬ 
cept  of  learning  as  attributed  to  manual  dexterity  (37:6), 
the  learning  curve  actually  represents  much  more  than 
aggregate  labor  learning  effort.  Learning  also  includes 
managerial  innovations,  engineering  changes,  and  environ¬ 
mental  improvements  such  as: 

1.  Improved  tool  coordination,  shop  organization 
and  engineering  liaison; 

2.  Improved  subassembly  design; 


3.  More  efficient  parts  supply  systems; 

4.  Utilization  of  more  efficient  tools;  and 

5.  Utilization  of  quality  materials  (6:3; 

5:89;  59:309). 

In  fact,  some  researchers  attribute  90  percent  of  learning 
to  management  and  engineering  changes  (19) . 

Lloyd  outlines  four  major  objectives  of  learning 
curve  theory  (26:222-223).  Initially,  the  learning  curve 
enables  management  to  compare  manufacturing  performance 
records  at  different  points  in  time.  Through  such  com¬ 
parisons,  a  company  may  estcdslish  corporate  goals,  stan¬ 
dards  of  labor  performance,  marlceting  strategies,  and 
planning  initiatives.  Secondly,  it  allows  management  to 
compare  two  or  more  plants  producing  the  same  or  similar 
products.  However,  Baloff  questions  the  validity  of  such 
comparisons  as  he  refers  to  them  as  "questioncUsle  simplifi- 
cation(s)"  and  "subjective  evaluation  processes  [7:249]." 

He  contends  that  each  plant,  and  even  each  process  within 
an  individual  plant  exhibits  a  unique  pattern  of  learning. 
Hence,  any  subjective  evaluation  of  the  type  proposed  by 
Lloyd,  Andress  and  others  may  not  be  sound.  Thirdly, 
the  learning  curve  is  an  absolute  measure  of  efficiency. 
Finally,  Lloyd  cites  the  understanding  gained  from  the 
evaluation  of  the  learning  curve  itself  as  an  objective. 

The  identification  of  trends,  and  the  search  for  the 
sources  of  efficiencies  may  be  of  greater  value  than  the 
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cost-estimating  or  cost-comparative  capabilities  of  the 
curve . 

There  are  a  number  of  assumptions  made  when  using 
learning  curve  theory.  Among  these  are:  (1)  production 
statistics  must  be  exposed  to  the  effects  of  scale,  learn¬ 
ing,  innovation,  and  competitive  pressure;  (2)  the  product 
must  be  uniform  throughout  production;  (3)  the  learning 
curve  may  be  considered  only  as  one  measure  of  industrial 
efficiency,  and  must  be  used  in  conjunction  with  other 
measures;  and  (4)  all  production  costs  must  be  expressed 
in  real  terms;  e.g.,  1972  dollars  (21:50;  26:221). 

As  demonstrated  in  the  first  assumption,  the  learn¬ 
ing  curve  describes  more  than  the  rate  of  learning.  It 
also  includes  the  scale  of  operation,  managerial  cmd  tech¬ 
nical  innovation,  and  competitive  pressures.  As  the 
capacity  of  the  plant  increases,  opportunity  for  economies 
of  scale  also  increases.  Managerial  and  technical  innova¬ 
tions,  as  discussed  earlier,  enhance  production  line  capa¬ 
bilities  as  well  as  the  work  environment.  Competitive 
pressures  cause  management  to  innovate,  relay  pressure  to 
the  work  force,  and  seek  constant  production  to  take  advan¬ 
tage  of  learning  and  to  minimize  breaks  in  production 
(15:7.15) . 

The  third  assumption  describes  the  learning  curve 
as  a  quantitative  tool,  a  means  of  expression.  The  learn¬ 
ing  curve  measures  productivity  in  absolute  terms.  Quality 


of  the  product,  the  type  of  l2d>or  employed  (skilled  or  semi 
skilled) ,  and  other  considerations  often  are  not  taken  into 
account.  Atten^ts  to  disaggregate  the  curve  into  labor, 
management  and  technical  components  have  not  been  per¬ 
fected  (7:253) .  Therefore,  the  learning  curve  cannot  stand 
alone  as  a  measure  of  organizational  efficiency. 

The  final  assumption  deals  with  the  language  of 
the  learning  curve,  its  data  mcdceup.  The  data  collected 
must  be  translated  into  real  dollars  to  reach  a  level  of 
equivalency  through  time  by  discounting  inflation  and  other 
monetary  phenomena  (21:50). 

The  learning  curve  model  is  expressed  mathe¬ 
matically  as  follows  (12:605-606;  1:248)  : 

=  Kx“ 

where , 

X  =  \init  number, 

Y  =  number  of  direct  labor  hours  to  produce  the 
*  xth  unit, 

K  =  number  of  direct  labor  hours  required  to  pro¬ 
duce  the  first  unit, 

n  =  slope  parameter  =  log  b/log  2,  and 

b  ®  learning  factor. 

The  mathematical  expression  given  above  is  referred  to  as 
the  "unit  curve"  or  the  "Boeing"  theory  (15:7.15) .  This 
formula  provides  an  estimated  cost  for  a  specific  unit. 

For  example,  the  direct  labor  requirement  for  the  fourth 


unit  of  production  using  a  90  percent  rate  of  learning, 
when  the  first  unit  required  40  hours  for  completion,  is 
calculated  as  follows: 

y  =  40(4)^°^  2 

X 

=  32.4  hours 

This  formula  thus  provides  an  estimated  cost,  in  dollars 
or  time,  for  a  specific  unit  and  shows  that  the  time  or 
cost  for  any  given  unit  is  reduced  exponentially  as  more 
units  are  produced. 

The  "cumulative  average"  or  the  "Northrup"  version 
of  the  learning  curve  theory  measures  the  cumulative 
average  cost  of  a  specific  quemtity  of  units  (15:7.20) . 

The  Northrup  formula  is  delineated  below: 

Yx  =  Kx“ 

where , 

X  =  unit  number, 

Y  =  the  average  number  of  direct  labor  hours  to 
produce  the  xth  unit, 

K  =  number  of  direct  labor  hours  required  to 
produce  the  first  unit, 

n  =  slope  parameter  »  log  b/log  2,  and 

b  »  learning  factor. 

In  the  short  run,  there  are  advantages  in  using 
either  of  the  learning  curve  approaches  according  to  the 


degree  of  planning  accomplished,  and  the  level  of  risk 
involved.  A  high  degree  of  planning,  coupled  with  reduced 
risk,  tends  to  favor  the  "Boeing"  theory.  The  "Northrup" 
theory  is  preferred  where  risk  tends  to  be  greater,  and  the 
pressure  of  time  has  prevented  a  desired  level  of  planning. 

In  the  long  run,  however,  the  "Northrup"  model 
tends  to  be  asymptotic.  That  is,  the  "Northrup"  model 
approaches  the  "Boeing"  model  on  the  curve  to  the  point  of 
being  nearly  identical  with  every  point  on  the  "Boeing" 
curve . 

The  learning  curve  may  be  displayed  by  two  graphi¬ 
cal  means.  Initially,  when  displayed  on  ordinary  graph 
paper,  the  learning  curve  forms  a  hyperbolic  figure. 
Secondly,  on  log-log  paper,  the  learning  curve  becomes  a 
linear  function.  Figure  3-1  graphically  illustrates  the 
arithmetic  plot  of  the  90  percent  learning  curve  example, 
and  Figure  3-2  illustrates  the  customary  logarithmic  plot 
of  the  90  percent  learning  curve.  The  second  method  of 
illustrating  the  learning  curve  is  preferred  due  to  the 
ease  of  making  cost  or  labor  hour  estimates  (15:7.16-7.17). 

Learning  Curve  Applications 

Numerous  studies  have  been  conducted  concerning 
the  application  of  learning  curve  theory  to  aircraft  and 
other  weapon  systems  production  programs.  The  intent  of 
these  studies  has  been  to  expand  the  basic  "Boeing"  theory 
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to  explain  more  of  the  variation  in  program  costs.  The 
development  of  a  general izable  formula  to  accurately  pre¬ 
dict  weapon  system  costs  of  production  has  centered  largely 
around  Lieutenant  Colonel  Larry  Smith's  doctoral  study. 

In  this  study,  he  demonstrates  an  inverse  relationship 
between  the  production  rate  and  Icdsor  requirements  (45:139) 
This  conflicts  with  prior  studies  conducted  by  Alchian  and 
Allen,  and  Asher.  The  demonstration  of  this  relationship 
built  the  foundation  for  Smith's  study,  and  several  others 
following  his  work. 

Compiling  direct  labor  hour  statistics  on  the  pro¬ 
duction  of  F-4,  KC-135,  and  F-102  airframes.  Smith  formed 
sixteen  data  sets  from  vdiich  to  test  two  major  hypotheses. 
Initially,  Smith  sought  to  establish  a  goodness  of  fit  in 
the  data  sets  used  to  ensure  applicability  to  learning 
curve  concepts.  He  also  omitted  some  of  the  most  recent 
data  points  in  each  of  the  sets  to  test  the  predictive 
ability  of  his  equation.  Secondly,  and  most  importantly, 
he  tested  his  full  model,  the  learning  curve  model  plus  a 
production  rate  variable,  against  what  he  labeled  the 
"reduced"  model,  the  unit  learning  curve  equation  (45:47) . 
Smith  found  the  following  results: 

1.  The  production  rate  variable  contributed  sub¬ 
stantially  to  the  explanation  of  the  variance,  or  the  mean 


square  error. 


2.  The  production  rate  variable  improved  the  pre¬ 
dictive  ability  of  the  learning  curve  model  for  the  F-4 
and  F-102  aircraft  programs.  However,  there  seemed  to  be 
little  improvement  in  the  prediction  of  KC-135  costs 
through  the  use  of  Smith's  full  model  (45:142-146) . 

Unfortunately,  the  follow-on  research  conducted 
using  Smith's  full  model,  while  positive  in  their  results, 
have  not  been  conclusive.  An  analysis  of  these  results 
will  follow. 

Crozier  and  McGann  replicated  Smith's  research  in 
the  hopes  of  adding  to  a  body  of  knowledge  created  by 
Smith  and  two  other  thesis  efforts  (13;  46).  In  their 
model,  Crozier  and  McGann  chose  to  study  aircraft  engine 
production,  including  the  General  Electric  V-79,  the 
Allison  TF-41,  and  the  Pratt  and  Whitney  F-lOO  engines. 

The  results  of  their  study  confirmed  those  of  Smith's  in 
three  of  six  cases  examined.  In  the  study  of  the  F-lOO 
engine,  the  predictive  ability  of  the  full  model  was  par¬ 
ticularly  strong  (14:92-93).  Crozier  and  McGann  recommend 
the  use  of  Smith's  model  throughout  the  life  of  the  F-lOO 
program.  Nonetheless,  they  concluded  that  the  use  of  the 
model  depended  heavily  on  the  individual  weapon  sys^.vm 
(14:94).  A  second  major  conclusion  reached  involved 
the  realization  that  in  extremely  complex  production  pro¬ 
grams,  the  learning  curve  tends  to  lose  its  effectiveness 
(14:93).  This  is  contrary  to  one  of  the  basic 


characteristics  of  the  learning  curve,  its  ability  to 
assess  complex  systems  costs  (15:7.4-7.15) . 

A  second  major  replication  of  the  Smith  model  was 
conducted  by  Allen  and  Farr.  In  this  case,  Allen  and  Farr 
applied  Smith's  original  two  hypotheses  to  missile  produc¬ 
tion.  Results  of  the  replication  were  mixed.  While  the 
predictive  ability  of  the  full  model  was  high  in  the  case 
of  the  SRAM  missile,  it  was  no  higher  than  the  unit  learn¬ 
ing  curve  model,  the  "reduced"  model  (3:100).  The  full 
model  faired  better  in  the  Maverick  data  sets,  demon¬ 
strating  superior  results  in  five  of  the  eight  data  sets 
(3:100-101).  Allen  and  Farr  reached  a  conclusion  similar 
to  the  thesis  team  preceding  them.  They  concluded  that 
"the  superiority  of  the  full  model  for  prediction  depends 
on  the  particular  program  and  circumstance  [3:101]." 

While  a  great  deal  of  effort  has  been  expended  in 
the  quest  for  a  generalizable  learning  curve  formula, 
little  attention  has  been  devoted  by  military  researchers 
to  the  problem  of  parameter  estimation.  Parameter  esti¬ 
mation  encompasses  the  determination  of  the  initial  xinit 
production  time,  and  the  rate  of  learning.  Researchers  in 
the  commercial  sector  "have  [also]  neglected  this  area  for 
the  last  ten  years  [59:305-306].”  There  have  been  some 
solitary  efforts,  however.  Baloff  suggested  a  problem¬ 
solving  group  be  used  to  establish  initial  productivity. 

He  further  suggests  a  relationship  between  the  "a,"  the 


cost  of  producing  the  initial  unit;  and  the  "b,"  the  rate 
of  learning,  parameters.  He  demonstrates  an  inverse  rela¬ 
tionship  between  the  two  as  did  Asher  some  two  years  before 
him  (7:250-253) .  Baloff  severely  questions  the  use  of  sub¬ 
jective  evaluation  methods  such  as  the  use  of  past  learning 
rate  percentages,  or  those  of  similar  plants  or  industries. 

Parameter  estimation  problems  have  plagued  the  Air 
Force  in  major  acquisition  programs.  A  prime  example  is 
brought  to  light  by  the  General  Accounting  Office  (GAO) 
audit  of  a  contract  with  the  Lockheed  Georgia  Company. 

In  this  case,  the  United  States  Government  paid  Lockheed 
32  million  dollars  over  and  above  what  the  contract  price 
for  eight  C-130  aircraft  should  have  been  (54:1).  In  this 
case,  Lockheed  Georgia  provided  the  government  Air  Force 
Plant  Representatives  Office  (AFPRO)  with  obsolete  and 
false  ledjor  hour  data.  AFPRO  personnel  ignored  the  data 
and  provided  a  recommendation  to  the  Aerospace  Systems 
Division  based  upon  an  unreported  pricing  method.  The 
GAO  study  is  convincing  in  its  argument  that  the  price 
paid,  based  upon  a  production  lot  of  C-130s  produced  for 
the  Philippine  and  Ecuadorian  Air  Forces,  was  high  and 
inequitable.  A  previous  lot  of  C-130s  produced  for  the 
United  States  Air  Force  had  cost  considerably  less,  in 
large  part  due  to  a  labor  hour  savings  ranging  from  eleven 
to  fourteen  thousand  hours  per  aircraft  (54:2) . 
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To  be  sure,  the  major  problem  confronting  the 
United  States  Air  Force  in  this  case  was  the  failure  of 
AFPRO  personnel  to  act  on  the  false  data  provided.  How¬ 
ever,  had  an  established  rate  of  learning,  and  an  initial 
unit  production  time  been  clear  in  the  minds  of  AFPRO  per¬ 
sonnel,  this  exorbitant  price  may  never  have  been  paid. 
Similar  problems  have  been  encountered  in  the  development 
of  the  B-1  bomber  at  the  Strategic  Systems  Program  Office. 
A  rate  of  learning  was  agreed  upon  with  the  contractor; 
but  neither  party  would  agree  on  what  constituted  the  ini¬ 
tial  aircraft  produced.  The  contractor  claimed  it  was  the 
fourth  aircraft  produced,  while  the  Air  Force  claimed  it 
was  the  first  aircraft  assembled  (19) . 

The  final  topic  within  the  application  section  of 
this  chapter  entails  a  case  study  of  a  weapon  systems  con¬ 
tract  with  the  Raytheon  Company  for  the  fourth  lot  of  the 
EF-lllA  AN/ALQ-99E  Tactical  Jamming  System.  In  the  pro¬ 
posal  provided  by  Raytheon,  six  learning  curves  were  pro¬ 
vided.  Learning  curves  were  provided  for  the  transmitter, 
exciter  and  calibrator.  Three  additional  learning  curves 
were  provided  for  the  testing  costs  of  each  of  these  items 
(2:4-2  to  4-9).  The  contractor  had  projected  a  three  to 
six  month  break  in  production  over  a  total  period  of 
thirty-one  months.  The  loss  of  learning  associated  with 
this  break  increased  unit  cost  considerably. 


In  the  negotiation  of  this  contract,  Lieutenant 
Mark  Harland  discovered  several  errors  in  the  learning 
curves  presented  by  the  contractor  (20) .  Harland  also 


shortened  the  span  of  the  contract  from  a  proposed  thirty- 
one  months  to  twenty-six  months.  This  allowed  production 
to  continue  on  a  more  constant  basis.  As  planned,  the 
production  break  was  reduced  to  one  and  a  half  months  (2:7) 
Lt.  Harland 's  knowledge  of  learning  curve  theory 
provided  the  Air  Force  with  two  major  benefits.  Nonethe¬ 
less,  it  was  not  until  the  formulation  of  the  Price  Negoti 
at ion  Memorandum  that  Harland  realized  the  contractor  had 
been  over compensated  for  loss  of  learning.  The  contractor 
was  compensated  for  a  20.1  percent  loss  of  learning  during 
the  production  break  (2:6) .  Using  Andelohr's  method  to 
calculate  loss  of  learning,  Harland  calculated  a  9.872 
percent  figure  (2:7) . 


Summary 

The  learning  curve  is  a  proven  empirical  tool  in 
the  production  and  manufacturing  milieu.  Used  frequently 
in  the  defense  acquisition  system,  the  learning  curve  is 
a  cost  control  and  planning  device.  This  research 
examines  the  flexibility  of  the  learning  curve.  The 
applicability  of  the  learning  curve  to  service  related 
industries,  the  base  travel  management  organization  in 
particular,  is  the  primary  focus  of  this  study. 


To  close,  Winifred  B.  Hirschrnann  presented  four 
very  simple,  truthful  statements  succinctly  summarizing 
learning  curve  theory. 

1.  Where  there  is  life,  there  can  be  learning. 

2.  The  more  complex  the  life,  the  greater  the  rate 
of  learning.  .  .  . 

3.  The  rate  of  learning  can  be  sufficiently  regular 
to  be  predictive.  .  .  . 

4 .  Learning  is  related  to  the  dynamic  context  of  the 
environment.  .  .  .  [23:138]. 


CHAPTER  IV 


METHODOLOGY 

Introduction 

This  chapter  focuses  on  the  development  of  an 
approach  to  the  basic  research  performed.  The  learning 
curve  model  is  redefined  in  terms  of  the  travel  management 
environment.  The  variables  within  the  model  are  described 
as  being  within  or  exterior  to  the  system  examined. 
Finally,  a  two-prong  research  question  is  developed  to 
provide  the  direction  for  this  study  of  learning  curve 
theory  in  the  travel  management  environment. 

Objective 

The  objectives  of  this  research  are:  (1)  to  deter¬ 
mine  the  predictive  ability  of  the  learning  curve  in  a 
travel  management  environment,  and  (2)  to  present  a  sub¬ 
jective  analysis  between  the  enhanced  Scheduled  Airline 
Traffic  Office  (SATO)  and  proposed  Travel  Management  Ser¬ 
vices  Program  (TMSP) . 

Meeting  these  objectives  will  aid  the  Air  Force  in 
developing  future  performance  goals  for  the  SATOs,  and 
provide  the  Air  Force  with  a  method  of  selecting  a  sound 
travel  management  program. 


The  approach  to  meet  these  objectives  began  with 
collecting  the  monthly  percentages  of  passengers  travelling 
under  discount  fares  obtained  from  Continental  United 
States  (CONUS)  Air  Force  bases  which  had  implemented  the 
enhanced  SATO  program.  The  sample  size  was  limited  to 
those  SATO  bases  having  at  least  fourteen  months  of  opera¬ 
tion  under  the  enhancement  concept,  as  of  April  1982. 
Fourteen  months  of  operation  allowed  for  a  twelve-month 
learning  curve  model  development  period,  and  a  minimum  of 
two  months  for  model  verification.  The  first  twenty 
enhanced  SATOs,  shown  in  Table  4-1,  met  this  criteria  and, 
therefore,  estcQslished  the  sample  size  of  the  data  base. 

The  data  base  was  subjected  to  a  one-way  Analysis 
of  Variance  (ANOVA) ,  and  a  Duncan's  Multiple  Range  Test  to 
determine  if  the  Wright-Patterson  Air  Force  Base  (WPAFB) 
SATO  perfoxmncuice  was  genera Iiz2d3le  to  the  population  of 
the  Air  Force  enhanced  SATO  bases;  and  therefore  applicable 
as  a  comparative  measure  for  expected  performance,  in  terms 
of  learning,  at  the  Air  Force  TMSP  test  location  (Travis 
AFB) .  The  decision  rule  for  these  tests  was  to  reject  the 
null  hypothesis  if  the  test  statistic  (F-ratio)  was  greater 
than  the  critical  statistic  (F-critical)  at  the  .05  sig¬ 
nificance  level  (27:638-639).  The  F-critical  values  were 
obtained  from  McClave  and  Benson's  F-distribution  tables 


TABLE  4-1 


A  LIST  OF  THE  SAMPLE  BASES 


Barksdale 

Lowry 

Chanute 

March 

Charleston 

Maxwell 

Griff iss 

McGuire 

Han scorn 

Offutt 

Homestead 

Patrick 

Keesler 

Scott 

Kirtland 

Sheppard 

Lackland 

Vandenberg 

Los  Angeles 

Wright -Patter son 

A  histogram  was  then  constructed  using  the  aggre¬ 
gate  data  (all  twenty  bases  combined)  and  WPAFB  data  to 
develop  a  null  hypothesis  for  testing  the  distribution 
of  the  data.  A  residual  analysis  was  done  to  determine 
if  autocorrelation  existed  among  the  data  points.  The 
Kolmogorov-Smirnov  (K-S)  and  Chi-Square  tests  were  used  to 
evaluate  the  following  null  (H^)  and  alternative  (H^)  hypo¬ 
theses: 

H^:  f(x)~  normal 

H  :  f (x) ~  not  normal 

A 

The  decision  rule  was  to  reject  the  null  hypothesis  if  the 
test  statistics  were  greater  than  the  respective  critical 


values.  The  critical  values  for  the  K-S  test  were 
extracted  from  L.  H.  Miller's  "Tables  of  Percentage  Points 
of  Kolmogorov  Statistics"  (35:111-121) .  The  Chi-Square 
values  were  taken  from  Benson  and  McClave's  Critical 
Values  of  Table  (27:644-645). 

The  next  step  was  to  use  a  general  learning  curve 
analysis  program  called  Learn  Star  (LEARN*) ,  a  packaged 
program  available  on  the  Copper  Impact  Computer  system, 
to  determine  the  rate  of  learning  of  WPAFB  and  all  other 
enhanced  Air  Force  SATOs  based  upon  input  data.  The  rates 
of  discount  usage  were  used  as  input  to  the  4051  Tektronix 
computer  system  to  graphically  depict  the  rates  of  learning. 
This  system  was  also  used  to  project  a  minimum  of  two  per¬ 
formance  points  (March  and  April  1982)  for  the  WPAFB  and 
aggregate  populations.  These  projected  points  were  com¬ 
pared  to  the  actual  percentages  of  discount  usage  during 
these  months  to  determine  the  range  of  the  predictions. 

The  final  step  of  this  procedure  was  to  forecast 
the  expected  performance  of  the  Air  Force  and  WPAFB  over 
a  twelve-month  period.  Projections  were  made  assuming  the 
number  of  passengers  travelling  during  the  forecast  year 
will  remain  the  same,  be  10  percent  higher  and  10  percent 
lower  than  the  data  base  year.  This  procedure  provides 
data  base  year  control  units  for  the  rates  of  discount 
fare  usage.  These  projected  performance  levels  may  then 
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be  used  to  evaluate  the  performance  data  collected  during 
the  TMSP  pilot  test  program. 


Model  Description 

The  model  developed  in  this  thesis  is  the  basic 
unit  curve  model  described  in  Chapter  III.  The  unit  learn¬ 
ing  curve  was  selected  over  the  cumulative  average  curve 
due  to  the  accuracy  of  prediction  at  each  unit.  Because 
the  cumulative  average  curve  is  asymptotic,  it  is  more 
accurate  in  a  long-run  scenario  (15:7.23-7.24).  The  set¬ 
ting  of  this  research  is  relatively  short  term  as  the 
authors  examined  sixteen  months  of  data.  Additionally, 
the  use  of  the  unit  curve  eliminates  the  "smoothing  effect" 
of  the  cumulative  average  curve.  The  cumulative  average 
curve  may  be  deceiving  as  demonstrated  in  the  following 
contrived  example  (19) . 

The  government  has  been  purchasing  "flash  hiders." 
The  contractor  furnished  the  following  data  and  certified 


its  accuracy. 
Lot  # 


Lot  Size 


Cumulative  Average 
Labor  Hours 

6500 

4500 

4833 

3500 

3300 

3167 

3071 

3000 

In  process 
In  process 
To  be  estimated 
To  be  estimated 
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Estimating  lots  eleven  and  twelve  by  the  cumulative  aver¬ 
age  learning  curve  on  log-log  paper  exhibits  a  relatively 
sharp  rate  of  learning  (see  Figure  4-1) .  This  cumulative 
average  curve  averages  the  total  cost  (labor  hours)  over 
the  units  produced.  The  unit  curve,  on  the  other  hand, 
exhibits  a  straight  line  demonstrating  the  actual  cdDsence 
of  learning  in  the  production  of  "flash  hiders."  Thus,  the 
unit  curve  provides  a  more  accurate  depiction  of  this  cost 
volume  relationship. 

The  vinit  curve  model  used  in  this  research  is 
based  on  the  model  developed  by  Chase  and  Aguilano.  As 
described  in  Chapter  III,  the  unit  learning  curve  is 
expressed  as 

Yx  =  Kx“ 

where , 

X  =  unit  number, 

Y  =  nximber  of  direct  labor  hours  to  produce 

*  the  xth  unit, 

K  =  number  of  direct  labor  hours  required  to 
produce  the  first  unit, 

n  3  slope  parameter  »  lob  b/log  2,  and 

b  *  learning  factor  (12:605-606) . 

Model  Translation 

The  learning  curve  model  operationalized  in  this 
research  redefined  the  basic  unit  model.  The  variable 
translations  simply  enabled  the  authors  to  apply  learning 
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curve  theory  to  the  Scheduled  Airline  Traffic  Office 
environment.  The  applied  model  appears  below: 


Y  =  Kx" 

X 

where , 

X  =  the  number  of  passengers  ticketed, 

Y  =  the  rate  of  passengers  failing  to  use  air- 
^  line  discounts, 

K  =  the  rate  of  passengers  failing  to  use  air¬ 
line  discounts  as  of  the  first  ticketed 
passenger, 

n  =  slope  parameter  =  log  b/log  2,  and 
b  =  learning  factor. 

Variables 

The  variables  inherent  to  this  applied  model  are 
the  rate  of  passengers  failing  to  use  airline  discounts, 
the  number  of  passengers  ticketed  at  the  selected  SATOs, 
the  rate  of  discount  usage  as  of  the  first  unit  produced 
(i.e.,  the  first  ticketed  passenger),  and  the  rate  of  learn 
ing.  The  purpose  of  this  section  is  to  define  these  vari¬ 
ables  as  exogenous  and  endogenous,  euid  to  explain  how  the 
variables  are  used  in  the  model.  Shannon  refers  to 
exogenous  or  input  variables  as  "variables  originating  or 
produced  outside  of  the  system  or  resulting  from  external 
causes  [44:15]."  He  defines  endogenous  or  output  vari¬ 
ables  as  "those  [variables]  produced  within  the  system  or 
resulting  from  external  causes  [44:14]."  The  discussion 
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of  the  variable  use,  in  the  following  subsections,  is  con¬ 
ducted  largely  in  terms  of  learning  curve  theory. 


Rate  of  Discount  Usage 

The  rate  of  discount  usage,  or  the  failure  of  pas¬ 
sengers  to  use  discounts,  is  a  function  of  the  number  of 
ticketed  passengers  and  the  number  of  discounts  attained 
for  those  passengers.  (Although  referred  to  as  the  rate 
of  discount  usage,  by  a  simple  transformation  this  variable 
also  represents  the  rate  of  failure  to  use  discounts.) 
Hence,  the  rate  of  discount  usage  is  an  endogenous  vari¬ 
able  as  it  is  an  output  of  the  SATO  ticketing  and  reserva¬ 
tion  systems.  The  rate  of  discount  usage,  the  left-hand 
side  of  the  applied  learning  curve  model,  is  dependent  on 
the  initial  rate  of  discount  usage,  the  unit  produced,  and 
the  rate  of  learning.  This  variable  is  plotted  along  the 
vertical  y-axis  of  the  learning  curve  graph.  The  rate  of 
discount  usage  is  the  primary  output  variable.  This  vari¬ 
able  is  treated  as  a  major  determinant  of  the  success  of  a 
particular  SATO  enhancement  program.  The  rate  of  discount 
usage  is  relative  to  the  particular  location  as  the  number 
of  passengers  and  the  discounts  available  heavily  influence 
the  total  dollar  savings. 

Number  of  Passengers 

The  number  of  passengers  travelling  from  each 
SATO  location  is  outside  the  realm  of  the  ticketing  and 


reservation  system.  The  number  or  passengers  is  an  input 
or  exogenous  variable  because  the  magnitude  of  this  vari¬ 
able  is  determined  by  the  installation  travel  mission  (47) . 
This  variable  is  of  particular  concern  to  SATO  management 
as  its  manpower  planning  and  funding  are  based  on  monthly 
installation  passenger  traffic  figures  (47) .  In  the 
applied  model,  the  number  of  passengers  is  plotted  along 
the  horizontal  x-axis  of  the  learning  curve  graph.  The 
number  of  passengers  ticketed  aids  the  determination  of  the 
rate  of  discount  usage  in  relation  to  the  specified  rate 
of  learning.  Although  the  number  of  passengers  is  a  given 
value  in  the  equation  provided  earlier  in  this  chapter,  it 
is  a  crucial  variable  in  developing  the  unit  curve  plot 
points. 


Rate  of  Discount  Usage/ 

First  Unit 

The  rate  of  discount  usage  required  to  produce  the 
initial  unit  (i.e.,  process  the  first  passengers)  is  an 
exogenous  variable.  That  is,  it  is  input  into  the  proposed 
model  after  determining  its  value  through  an  assessment  of 
the  learning  curve  slope,  and  the  use  of  known  discount 
usage  and  passenger  unit  values.  The  variable  is  an  out¬ 
put  of  its  determining  model,  and  an  input  into  the  learn¬ 
ing  curve  model  where  the  dependent  variable  is  the  rate  of 
discount  usage . 


Rate  of  Learning 

The  rate  of  learning  may  be  determined  graphically, 
through  learning  curve  equations,  or  through  prepared 
computer  routines.  Through  any  one  of  these  processes 
the  rate  of  learning  may  be  considered  as  an  output  vari¬ 
able.  However,  throughout  this  research  the  rate  of  dis¬ 
count  usage  remains  as  the  focusf*  .  variadale.  As  a  result, 
the  rate  of  learning  and  the  resultant  learning  factor  com¬ 
puted  by  log  b/log  2  are  exogenous  variables. 

Summary 

The  subjective  distinction  of  varicibles  as  inputs 
or  outputs  establishes  the  boundaries  of  the  proposed  sys¬ 
tem  or  model.  The  system  described  through  the  above  vari¬ 
ables  demonstrates  the  multirole  nature  of  system  variables. 
Varicdsles  are  both  inputs  and  outputs,  their  nature  depen¬ 
dent  on  the  stage  and  design  of  the  system  (42:14-19) . 

Figure  4-2  illustrates  the  raultirole  nature  of  the  three 
exogenous  variables  (number  of  passengers,  rate  of  dis¬ 
count  usage/first  unit,  and  rate  of  learning) .  The  endo¬ 
genous  variable  is  a  result  of  several  factors  over  two 
phases  of  mathematical  operations. 

Research  Question 

The  research  question  posits  two  major  queries 
in  this  study.  The  initial  query  investigates  the  learn¬ 
ing  curve's  utility  as  an  accurate  predictor  of  the  rate 
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of  discovmt  fare  usage.  The  second  part  of  the  question 
excunines  learning  curve  theory  as  a  means  for  establishing 
air  transportation  cost  criteria.  The  first  query  is 
demonstrated  in  this  study.  The  second  query  may  be 
examined  upon  completion  of  the  Travel  Management  Services 
Program  (TMSP)  test  at  Travis  AFB,  California.  While  pro¬ 
posed  criteria  are  provided  in  this  study,  they  are  untest- 
able  as  the  TMSP  test  has  confronted  several  legal  delays 
due  to  contractual  problems. 


Research  Question,  Part  One 

The  learning  curve's  use  as  an  accurate  predictor 
of  the  rate  of  discount  fare  usage  provides  the  major  test 
of  this  research.  Developing  learning  curves  based  on  the 
first  twelve  months  of  operations  at  the  first  twenty  SATO 
locations,  the  authors  predict  disco\int  fare  usage  at  the 
twenty  SATO  locations  and  in  aggregate  form.  The  first 
months  of  operation  vary  from  January  to  March  1981  due 
to  the  phased  implementation  of  the  enhanced  SATO  program. 
Consequently,  actual  data  available  for  each  SATO  location 
varies  by  when  the  enhanced  SATO  concept  was  implemented. 
After  the  development  of  the  learning  curves,  the  authors 
will  examine  the  deviation  of  the  predicted  discount  fare 
usage  from  the  actual  discount  fare  usage.  Based  on  this 
deviation,  the  authors  will  make  an  assessment  of  learning 
curve  utility  in  the  airline  ticketing  and  reservations 
environment. 
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The  second  research  query  proposes  the  use  of 
the  learning  curve  theory  as  a  means  of  establishing  trans¬ 
portation  cost  criteria.  By  establishing  a  table  of  dis¬ 
count  fare  usage  rates,  the  TMSP  test  data  may  be  compared 
to  the  SATO  performance  data.  In  other  words,  the  criteria 
developed  would  provide  a  benchmark  model  for  easy  com¬ 
parison  to  other  proposed  travel  management  systems.  The 
ability  of  the  learning  curve  to  project  prediction  values 
normally  describing  system  phenomena  (actual  discount 
fare  usage)  in  part  would  demonstrate  the  value  of  the 
learning  curve  as  a  control  mechanism. 


Summary 

This  chapter  provided  the  approach  to  the  basic 
research  in  this  thesis.  A  description  emd  translation  of 
the  model,  the  explanation  of  the  individual  variables, 
and  the  statistical  approach  to  this  research  provide  the 
foundation  for  the  next  two  chapters.  The  data  analysis 
and  the  evaluation  of  the  two-part  research  question 
follows  in  Chapter  V.  The  authors'  conclusions  emd  recom¬ 
mendations  for  further  research  are  presented  in  Chapter  VI 
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CHAPTER  V 

DATA  ANALYSIS  AND  RESULTS 

Introduction 

In  this  chapter,  the  authors  examine  the  monthly 
SATO  (Scheduled  Airline  Traffic  Office)  data  collected  by 
the  Air  Transport  Association  for  the  Air  Force  Transporta¬ 
tion  Directorate.  A  statistical  analysis  of  the  data 
attempts  to  identify  the  SATO  located  at  Wright-Patterson 
AFB  (WPAFB)  as  a  reflection  of  the  aggregate  Air  Force 
SATO  population.  The  authors  also  provide  an  examination 
of  the  aggregate  SATO  performance  data  to  analyze  the 
total  Air  Force  SATO  picture.  The  second  major  focus  of 
this  chapter  is  an  analysis  of  learning  curve  projections 
regarding  monthly  rates  of  discount  usage.  Mean  Absolute 
Deviations  (MADs)  and  tracking  signals  are  calculated  to 
determine  the  relative  accuracy  of  the  learning  curves 
employed.  Finally,  the  authors  provide  a  subjective 
analysis  of  the  SATO  and  Travel  Management  Services  Pro¬ 
grams  (TMSP)  based  on  the  most  current  literature  avail¬ 
able  . 


Data  Analysis 

The  application  of  learning  curve  theory  requires 
a  steady  improvement  in  the  number  of  discounted  fares 
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during  the  first  twelve  months  of  operation.  A  histogram 
was  constructed  with  the  aggregate  data  and  statistical 
ANOVA  and  Duncan's  Range  Tests  were  performed  to  analyze 
the  aggregate  and  Wright-Patterson  AFB  (WPAFB)  SATOs' 
performance. 

As  stated  in  Chapter  IV,  the  data  base  consisted 
of  the  monthly  percentages  of  discoiinted  fares  provided 
to  the  official  traveller  at  the  first  twenty  Air  Force 
enhanced  SATO  bases.  The  Office  of  the  Director  of  Trans 
portation  (HQ  USAF/LETT)  provided  the  collected  data, 
January  1981  through  April  1982,  to  the  authors. 

The  raw  data  was  entered  into  a  data  file  (month 
by  base  by  percent  of  discounted  fares)  on  the  Control 
Data  Corporation  computer  system  for  analysis  (see  Appen¬ 
dix  C  for  raw  data) .  Next,  the  one-way  Analysis  of  Vari¬ 
ance  (ANOVA)  and  Dxincan's  Multiple  Range  Test  were  per¬ 
formed  to  determine  if  Wright-Patterson  AFB  (WPAFB)  SATO 
performance  was  generalizable  to  the  Air  Force  population 
of  enhanced  SATO  bases.  The  hypothesis  of  the  ANOVA  test 
was : 

■•o'-  “l  *  “2  *  “3  '  •••  “20 
H  :  At  least  one  is  different 

di  X 

The  results  of  the  ANOVA  test  shown  in  Table  5-1  led  to  a 
rejection  based  on  the  decision  rule  described  in  Chapter 
IV:  reject  H  if  the  test  statistic,  F-ratio,  was  greater 


TABLE  5-1 


ANALYSIS  OF  VARIANCE  PERCENTAGE  OF 
DISCOUNTS  BY  BASE 


F-ratio  .  16.178 

Significance  Level  .  .000 

F-Critical  (n=20,  K=2,  N-(K+1))  .  3.590 

Alpha  Value .  .050 


Note ;  Rejection  region:  F-ratio  >  F-critical. 

than  the  critical  statistic,  F-critical  at  a  .05  signifi¬ 
cance  level. 

These  results  identified  a  difference  in  mean  per¬ 
formance  levels  in  terms  of  providing  discoiint  fares  to 
the  traveller  among  the  sample  bases.  This  statistical 
analysis  was  confirmed  by  the  observations  of  Mr.  Michael 
Thompson,  Manager  of  the  WPAFB  SATO,  who  stated,  "Due  to 
the  uniqueness  of  each  base,  it  is  impossible  to  compare 
the  percentage  of  discounts  given  across  the  bases  [47].” 
The  percentage  of  discovints  given  is  a  function  of  many 
variables  which  are  not  controllable  by  an  installation's 
SATO.  The  varicibles  include  local  airline  market,  level 
of  competition,  base  unit  mission  requirements  and  dis¬ 
tance  travelled. 

The  Duncan's  Range  Test  was  performed  to  observe 
which  bases  had  different  means  and  if  the  WPAFB  mean  was 
similar  to  enough  bases  to  justify  a  generalization  of 


WPAFB  performance  to  the  population  of  the  Air  Force ' s 
enhanced  SATOs.  The  criteria  set  for  the  generalization 
of  WPAFB  mean  performance  was  for  the  WPAFB  mean  to  appear 
in  the  same  population  of  at  least  51  percent  of  the  sample 
bases  me6ms.  The  Dunccui's  Test  revealed  that  the  WPAFB 
mean  percent  of  discounted  fares  (41.2  percent)  was  sig¬ 
nificantly  different  from  fifteen  of  the  nineteen  bases 
analyzed.  This  equates  to  a  26  percent  generalization. 

The  WPAFB  SATO  performance  failed  to  meet  the  set  criteria; 
therefore,  WPAFB  SATO  performance  could  not  be  generalized 
to  represent  the  aggregate  sampled  enhanced  SATO  bases. 

The  uniqueness  of  the  sample  bases  was  borne  out  in  the 
Duncan  Test  where  the  twenty  means,  which  varied  from  32.1 
percent  to  93.2  percent,  were  paired  to  ten  homogeneous 
subsets. 

Based  on  these  findings,  a  subjective  analysis  in 
terms  of  the  variables  mentioned  above  rather  than  a  sta¬ 
tistical  analysis,  was  needed  to  determine  a  base  whose 
historical  data  was  appropriate  for  use  in  developing  the 
comparative  measure  for  the  TMSP  pilot  test  data. 

After  subjectively  analyzing  the  data  base,  the 
authors  concluded  that  McGuire  Air  Force  Base,  New  Jersey, 
displayed  a  strong  case  as  a  suitable  comparative  measure 
for  the  TMSP  pilot  test. 

The  type  and  level  of  airline  competition  at  these 
airports  are  assumed  to  be  parallel.  McGuire  AFB  and 


Travis  AFB  have  operational  charact^ri sties  in  common. 

A  numbered  Air  Force  headquarters  i-i:  located  at  each  base. 
Twenty-first  Air  Force  HQ  is  at  McGuire  while  Twenty- 
second  Air  Force  HQ  is  at  Travis.  Both  bases  belong  to 
the  Military  Airlift  Commcuid  (MAC)  which  operates  a  fleet 
of  C-5  and  C-141  aircraft  and  commercial  contracted  air¬ 
craft  for  transporting  cargo  and  military  members  and 
their  families  to  euid  from  the  CONUS.  These  characteris¬ 
tics  describe  a  large  portion  of  McGuire  and  Travis  mis¬ 
sion  requirements  which  direct  the  traffic  flow  requiring 
SATO  and/or  TMSP  services. 

Learning  curve  theory  describes  a  phenomenon 
whereby  an  individual  performing  repetitive  tasks 
achieves  a  more  efficient  production  rate  due  to  improved 
manual  dexterity  and  managerial  and  engineering  improve¬ 
ments.  In  order  to  have  applied  the  learning  curve  to 
this  industry,  some  rate  of  learning  over  time  had  to  be 
shown.  This  analysis  was  performed  on  the  aggregate  data 
since  the  hypothesis  that  WPAFB  SATO  performance  is 
generalizable  to  the  aggregate  performance  was  rejected. 


Data  Distribution 


The  aggregate  distribution  analysis  began  with  the 
construction  of  a  histogram  that  is  shown  in  Figure  5-1. 
The  graph  shows  240  data  points  categorized  into  eight 
classes.  The  relative  frequency  of  these  classes  depicts 
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Fig.  5-1.  Histogram  of  Data  Base 

Notes : 

Histograms  were  constructed  with  10,  13,  auid  20 
classes  also.  The  shape  remained  the  same. 

A  histogram  or  ANOVA  analysis  was  not  performed 
on  McGuire  individually.  The  twelve  data  points  available 
at  this  writing  were  not  sufficient  for  conclusive  results. 
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a  distribution  skewed  to  the  left.  The  condescriptive 
statistics  of  the  aggregate  data  included  a  median 
greater  than  the  mean,  therefore  leftward  skewness  was 
expected.  The  histogrcun  of  the  aggregate  data  suggested 
a  possible  growth  rate  in  the  performance  levels.  An 
ANOVA  test  was  performed  on  the  data  comparing  the  twelve 
months  of  operation  to  evaluate  what  appears  to  be  growth 
in  the  number  of  discounts  given.  The  hypothesis  tested 
was 

'  “2  *  “3  ■  •••  “12 

H  :  At  least  one  month's  mean  was 
^  different 

A  rejection  of  was  accepted  based  on  the  decision  rule 
and  the  ANOVA  test  results  which  are  listed  in  Table  5-2. 

TABLE  5-2 

ANALYSIS  OF  VARIANCE  PERCENTAGE  OF 
DISCOUNTS  BY  MONTH 


F-Ratio .  7.601 

Significance  Level  .  .000 

F-Critical  (n=12,  K=2)  4.260 

Alpha  Value .  .050 


Note ;  Rejection  region:  F-ratio  >  F-critical, 

A  Duncan's  Range  Test  was  performed  to  identify 
any  significant  differences  between  the  monthly  SATO 
performances.  The  monthly  means  increased  from  40.9 
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percent  discounted  fares  in  January  to  62.9  percent  in 
June  to  75.5  percent  in  December.  The  Duncan's  euialysis 
concluded  a  difference  between  the  early  months  of  opera¬ 
tion  versus  the  latter  months  performance  (see  Table  5-3) . 
As  with  any  time  series  data,  autocorrelation  or  inter¬ 
dependence  between  the  parameters  was  expected.  The  data 
must  represent  this  attribute,  above  all  others,  for 
proper  learning  curve  application.  Therefore,  a  regres¬ 
sion  analysis  was  performed  to  test  for  the  presence  of 
autocorrelation.  A  F-ratio  of  77.028  at  .000  level  of 
significance  was  more  than  substantial  evidence  there 
exists  some  degree  of  autocorrelation  among  the  twelve 
months  perform£mce  levels  (see  Table  5-4) . 

Summary 

The  data  analysis  was  performed  to  show  the  appli¬ 
cability/nonapplicability  of  the  learning  curve  to  data 
generated  from  a  travel  management  industry.  The  ANOVA 
and  Duncan's  Range  Test  showed  there  was  a  difference 
among  the  monthly  performances  and  the  difference  among  the 
means  were  due  to  a  growth  rate  during  the  twelve  months 
under  study.  The  presence  of  autocorrelation  suggests  a 
performance  in  a  given  month,  T,  is  dependent  upon  the 
performance  in  r.onth  T-1.  Based  upon  these  facts,  apply¬ 
ing  the  learning  curve  to  this  set  of  data  was  deemed 
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TABLE  5-3 


T 

SUBSET 

GROUPINGS 

OF  THE 

SAMPLE  MONTHS'  MEANS 

Subset  1 

g 

GROUP 

MEAN 

GRP  1 
40.9230 

GRP  2 
45.0800 

GRP  3 
50.8350 

SUBSET  2 

GROUP 

GRP  2 
45.8000 

GRP  3 
50.8350 

GRP  4 
55.2600 

SUBSET  3 

(SCUP 

ME»I 

GRP  3 
50.8350 

GRP  4 
55.2600 

GRP  5 
59.6500 

GRP  6 
62.9150 

SUBSET  4 

t 

GROUP 

MEAN 

GRP  4 
55.2600 

GRP  5 
59.6500 

GRP  6 
62.9150 

GRP  7 
67.8750 

SUBSET  5 

• 

GROUP 

MEAN 

GRP  5 
59.6500 

GRP  6 
62.9150 

GRP  7 
67.8750 

GRP  8 
71.0250 

GRP  10 
72.1800 

GRP  9 
72.7550 

* 

GROUP 

MEAN 

GRP  U 
73.1600 

SUBSET  6 

ca»up 

MEAN 

GRP  6 
62.9150 

GRP  7 
67.8750 

GRP  8 
71.0250 

GRP  10 
72.1800 

GRP  9 
72.7550 

GRP  11 
73.1600 

• 

GROUP 

me;^ 

GRP  12 
75.4900 

TABLE  5-4 


REGRESSION  ANALYSIS  TESTING  FOR  AUTOCORRELATION 


F-Ratio  .  77.028 

Significance  Level  .  .000 

F-Critical  (n-240,  K=2)  .  3.000 

Alpha  Value .  .050 


Note ;  Rejection  region:  F-ratio  >  F-critical. 

valid,  and  the  process  of  forecasting  FY83  SATO  perform¬ 
ance  for  the  aggregate  and  McGuire  commenced. 

Research  Question 

The  dichotomous  research  question,  described  in 
Chapter  IV,  examines  the  use  of  learning  curve  theory  in 
predicting  air  transportation  discount  usage  at  twenty 
Air  Force  Scheduled  Airline  Traffic  Office  (SATO)  loca¬ 
tions  and  in  aggregate  form.  It  further  examines  the  use 
of  learning  curve  theory  in  establishing  cost  criteria 
from  which  an  alternative  to  the  SATO  program  may  be  con¬ 
sidered.  This  part  of  the  research  question  currently  is 
un testable,  however,  as  the  Travel  Management  Service  Pro¬ 
gram  test  awaits  its  inception  at  Travis  AFB,  California. 

Analysis  of  Research  Question — 

Part  One 

The  initial  part  of  the  stated  research  question 
examined  the  ability  of  the  learning  curve  to  predict 


airline  discount  usage  at  the  twenty  original  SATO  loca¬ 
tions  and  in  their  aggregate  form.  An  examination  of 
learning  curve  utility  in  this  area  follows  through  a 
presentation  of  the  data  and  the  learning  curve  plots,  the 
calculation  of  learning  curve  slopes,  the  comparison  of 
actual  discount  fare  usage  to  the  predicted  rates  of 
usage,  and  the  calculation  of  the  mean  absolute  deviations 
(MADs)  for  the  selection  of  a  learning  curve  model  and 
tracking  signals  for  the  establishment  of  fare  usage  con¬ 
trol  limits. 

Learning  Curve  Data 
and  Graphs 

The  data  for  each  of  the  twenty  original  bases 
and  their  aggregate  are  provided  in  Appendix  C.  The  data 
is  arranged  according  to  the  month  of  SATO  operation. 

The  numbered  month  represents  the  first  through  the 
twelfth  month  of  operation.  The  first  month  represents 
January,  February,  or  March  1981,  dependent  on  the  SATO 
selected.  The  data  depicts  the  number  of  passengers 
ticketed  at  the  SATO  in  unit  (column  2)  and  cumulative 
(column  4)  forms.  The  number  of  passengers  travelling 
with  a  discounted  fare  is  provided  in  column  3 .  The  per¬ 
centage  of  passengers  travelling  with  a  discount  is 
obtained  by  dividing  the  number  of  passengers  travelling 
under  a  discoionted  fare  by  the  total  number  of  passengers 


ticketed.  An  algebraic  midpoint,  and  the  plot  points  x 
and  y  are  provided  based  on  a  heuristic  routine  shown  in 
Table  5-5  (19) . 

The  authors  found  consistent  growth  in  the  dis¬ 
count  usage  rates  when  the  confuted  discount  usage  figures 
were  examined.  With  the  possible  exception  of  Maxwell 
AFB,  Alabama,  each  of  the  bases,  and  their  aggregate,  made 
steady  gains  in  discount  usage  from  month  to  month.  This 
growth  is  better  illustrated  by  learning  curve  graphs. 

Two  forms  of  learning  curves  are  provided  in  Appendices  D 
and  E.  Appendix  D  illustrates  the  learning  curves  plotted 
on  log-log  paper  providing  a  straight  line  fit  co  the 
plotted  points.  Appendix  E  provides  learning  curve 
graphs  performed  by  Volume  I  of  the  4051  Tektronix  Simple 
Linear  Regression  package.  These  graphs  are  hyperbolic 
in  nature.  The  authors  observed  growth  in  each  of  the 
graphs  of  the  twenty  SATO  locations  and  their  aggregate. 
The  extent  of  this  growth  is  evaluated  in  the  following 
section. 

Rate  of  Learning 

Rates  of  learning  were  calculated  in  three  differ¬ 
ent  manners.  Initially,  the  authors  calculated  the  learn¬ 
ing  curve  slope  by  using  the  Learn*  program,  a  prepared 
program  available  on  the  Copper  Impact  computer  system. 

The  instructions  for  the  use  of  this  program  are  available 
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TABLE  5-5 


HEURISTIC  ROUTINE 


Step  One: 


Set  cxunulative  units  (CU)  equal  to  zero 
above  month  one. 


Step  Two (A) 


Step  Two(B) 


Step  Three: 


Step  Four: 


Step  Five: 


If  this  is  the  first  month's  data,  deter¬ 
mine  if  the  number  of  passengers  ticketed 
is  greater  than  nine.  If  the  answer  to 
the  former  question  is  negative,  refer  to 
step  two(B).  Otherwise,  continue  follow¬ 
ing  the  routine  through  this  step.  If 
the  answer  to  the  latter  question  is 
affirmative,  divide  the  number  of  passen¬ 
gers  ticketed  by  three.  If  negative, 
divide  the  number  of  passengers  ticketed 
by  two.  The  resultant  figure  represents 
the  initial  month's  midpoint.  Continue  on 
to  step  three. 

Divide  the  following  month's  number  of 
ticketed  passengers  by  two. 

Find  plot  point  x  (PPx)  by  adding  the  month 
midpoint  to  the  previous  month's  cumulative 
unit  total  (CUj._^)  . 

Find  plot  point  y  (PPy)  by  subtracting  the 
rate  of  discount  fare  usage  (the  number  of 
passengers  ticketed,  mxxltiplied  by  100) 
from  100.  (Normally,  PPy  remains  as  the 
lot  value,  the  nvimber  of  passengers  with 
discounts,  divided  by  the  lot  size,  the 
total  number  of  passengers.  In  this  case, 
PPy  is  subtracted  by  100  to  better  illus¬ 
trate  the  improvement  in  the  discount 
usage  rates.) 

Total  the  cumulative  units  (CU)  by  adding 
CUj.]^  to  the  number  of  ticketed  passengers 
for  the  current  month. 


Step  Six : 


If  another  month  of  data  exists,  return  to 
step  two(B).  If  the  monthly  data  has  been 
exhausted,  the  routine  is  complete. 


in  Table  5-6.  A  second  method  of  slope  calculation  was 
performed  graphically  on  log-log  paper.  A  slope  was 
obtained  by  measuring  the  rate  of  change  in  doubled  x 
value  units,  and  comparing  that  rate  of  change  against 
unity  on  the  y-axis.  The  third,  and  final,  method  for 
measuring  the  rate  of  learning  involved  using  the  B 
exponent  calculated  for  each  base  and  the  aggregate  by 
the  4051  Tektronix  Simple  Linear  Regression  Plot  50 
package.  The  B  exponent  represents  log  b/log  2  in  the 
equation  Y  »  AX  .  By  treuisforming  the  basic  equation,  the 

Q 

rate  of  learning  =  2  x  100.  The  authors  used  this  trans¬ 
formed  equation  to  determine  a  third  learning  curve  slope 
for  the  twenty-one  learning  curves.  The  results  of  these 
three  methods  are  provided  in  Table  5-7.  The  slopes  in 
Table  5-7  are  calculated  based  on  the  rate  of  discount 
usage  by  unit.  Appendix  F  gives  the  slopes  calculated  on 
the  basis  of  discount  usage  by  month  through  the  Plot  50 
package . 

The  learning  curve  slopes  measured  by  each  of  the 
above  methods  demonstrate  a  wide  reuige  of  variability 
between  the  SATO  locations.  In  the  Learn*  program,  the 
rates  of  learning  exhibit  a  range  of  80.25  percent  at 
Chanute  AFB,  Illinois,  to  98.44  percent  at  Maxwell  AFB, 
Alabama.  Learn*  measured  the  aggregate  rate  of  learning 


at  91.47  percent. 


TABLE  5-6 


X 


GENERAL  LEARNING  CURVE  ANALYSIS  PROGRAM 


u 


TYPE 

OF  ANALYSIS  (JOB)  DESIRED? 

1  - 

CALCULATION  OF  FIRST  UNIT  VALUE,  SLOPE,  AND  EXPONENT 

OF  LEARNING  CURVE  FROM  UNIT  OR  LOT  DATA.  OPTIONAL 

DETAILS  AND  GRAPH. 

- 

2  - 

CALCULATION  OF  UNIT,  CUMULATIVE  TOTAL,  AND  CUMULATIVE 

AVERAGE  VALUES  GIVEN  FIRST  UNIT  VALUE,  SLOPE,  AND  UNIT 
NUMBER. 

1. 

3  - 

CALCULATION  OF  LOT  TOTAL  AND  AVERAGE  UNIT  VALUE  FOR 

LOT  GIVEN  FIRST  UNIT  VALUE,  SLOPE,  AND  INCLUSIVE  UNIT 

NUMBERS . 

r 

t 

4  - 

CALCULATION  OF  LOT  TOTAL  AND  AVERAGE  UNIT  VALUE  FOR 

LOT  WITH  A  CHANGE  GIVEN  FIRST  UNIT  VALUE,  SLOPE, 

INCLUSIVE  UNIT  NUMBERS,  PERCENT  WORK  DELETED,  PERCENT 

WORK  ADDED,  AND  THE  UNIT  NUMBER  AT  WHICH  THE  CHANGE  IS 
EFFECTIVE . 

( 

5  - 

CALCULATION  OF  FIRST  UNIT  VALUE,  GIVEN  UNIT  NUMBER, 

s 

VALUE  AT  THAT  UNIT,  AND  SLOPE. 

1 

6  - 

STOP  PROGRAM  EXECUTION. 

JOB? 

• 

) 

'  •  - 

• 

1 
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TABLE  5-7 


LEARNING  CURVE  SLOPES 


Learn* 


Plotted  Slope 


Plot  50 


Barksdale 


94.11 


89.82 


Chanute 


80.25 


63.5 


Charleston 


90.99 


86.92 


Griffiss 


91.71 


85.98 


Hanscom 


83.82 


72.51 


Homestead 


96.49 


92.59 


Keesler 


91.00 


84.60 


Kirtland 


84.61 


Lackland 


84.28 


Los  Angeles 
Lowry 


March 


Maxwell 


McGuire 


Offutt 


Patrick 


Scott 


Sheppard 

Vandenberg 

Wright-Patterson 

Aggregate 


81.62 

89.39 

81.34 

98.44 

85.21 

94.41 


82.41 


93.88 


91.10 


87.51 


94.74 


91.47 
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The  graphically  derived  rates  of  learning  provided 
a  range  of  66  percent  at  Chanute  AFB  to  96  percent  at 
Maxwell  AFB.  This  method  provided  a  rate  of  learning  for 
the  aggregate  of  72  percent. 

The  final  method  of  calculating  the  learning  curve 
slope,  through  the  4051  Tektronix  system,  provided  a  range 
of  slopes  from  63.50  percent  at  Chanute  AFB,  to  97.45  per¬ 
cent  at  Maixwell  AFB.  The  aggregate  rate  of  learning  slope 
was  measured  as  85.66  percent. 

There  also  is  wide  variability  between  methods  of 
slope  calculation.  This  especially  is  true  between  the 
Learn*  and  4051  Tektronix  programs.  This  variance  is  evi¬ 
denced  in  some  of  the  following  examples  where  the  Learn* 
percentage  is  followed  by  the  Tektronix  percentage; 

Chanute  80.25/63.50 

Hanscom  83.82/72.51 

Keesler  91.00/84.60 

Los  Angeles  81.62/70.25 

Patrick  82.41/71.55 

Aggregate  91.47/85.66 

The  variability  between  each  of  the  three  methods  is  com¬ 
mon  in  other  applications.  For  example,  in  contract 
negotiation  in  the  Air  Force  acquisition  process,  the  con¬ 
tractor  and  the  government  agree  upon  a  selected  computer 
program  to  determine  rates  of  learning  and  subsequent 
unit  costs  (19) .  This  agreement  is  made  because  it  is 


recognized  that  the  variability  existent  between  programs 


would  make  negotiations  difficult  when  both  parties  use 
different  programs.  Similarly,  a  choice  of  a  particular 
method  of  slope  determination  was  necessary  in  this 
research.  The  slopes  determined  graphically  and  the 
slopes  determined  by  the  tramsformed  equation,  the  rate 

p 

of  learning  =  2  x  100,  exhibited  relatively  similar 
results.  The  slopes  determined  for  Chanute  AFB,  Illinois 
(66  percent/63.50  percent),  Griffiss  AFB,  Indiana  (83 
percent/85.98  percent),  Han scorn  AFB,  Massachusetts  (74 
percent/72.51  percent),  March  AFB,  California  (70  percent/ 
70.03  percent)  and  Offutt  AFB,  Nebraska  (92  percent/91.38 
percent)  demonstrate  the  similar  results  obtained  by  the 
two  methods.  As  a  result,  the  authors  chose  the  4051 
Tektronix  method  of  calculating  the  slope  and  projecting 
future  discount  usage  rates  for  its  advantages  of  automa¬ 
tion,  user  friendliness,  and  relative  accuracy. 


Prediction  of  the  Discount 


Usage  Rates 

The  authors  predicted  the  discount  usage  rates 
for  a  maximum  of  two  months  per  SATO  location  based  on  the 
initial  twelve  months  of  data.  Projections  were  obtained 
through  the  use  of  the  4051  Tektronix  computer  system. 
Projections  for  each  location  were  made  based  on  three 
different  regression  models.  The  first  model  was  the 
learning  curve  unit  model  where  the  rate  of  failure  to 
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use  discounts  was  plotted  against  the  numbered  month. 

The  second  model  was  a  unit  learning  curve  model  where  the 
rate  of  failure  to  use  discounts  was  plotted  against  the 
units  produced.  In  this  model,  the  authors  assumed  the 
number  of  passengers  ticketed  for  the  predicted  month 
remained  the  same  as  the  calendar  month  of  the  previous 
year.  The  third  regression  equation  used  depended  on  a 
best  fit  analysis  performed  by  the  Plot  50  Simple  Linear 
Regression  package.  Table  5-8  provides  the  equations 
available  by  this  package  to  best  fit  the  initial  twelve 
months  of  data.  The  best  fit  is  a  result  of  regression 
analysis  which  examines  the  residual  error  of  the  twelve 
data  points  from  the  lines  constructed  by  eight  different 
equations.  The  line  possessing  the  least  maximum  absolute 
residual  error  (the  distance  from  the  data  point  to  the 
least  squares  line)  was  chosen  as  the  best  fit  equation. 
Table  5-9  matches  the  twenty  SATO  locations  and  their 
aggregate  with  their  best  fit  equations.  Appendix  G  pro¬ 
vides  the  best  fit  results  by  the  eight  available  equa¬ 
tions  for  each  of  the  twenty  SATO  locations  and  their 
aggregate.  Examining  the  best  fit  equations,  the  authors 
found  the  unit  learning  curve  to  provide  the  best  fit  in 
only  two  of  the  twenty-one  populations.  Specifically, 
Patrick  and  Wright-Patterson  AFBs  were  the  only  two  SATO 
locations  having  the  least  maximum  absolute  residual  error 


TABLE  5-8 


REGRESSION  EQUATIONS  AVAILABLE  FROM  THE  PLOT  50 
SIMPLE  LINEAR  REGRESSION  PACKAGE 

y  =  AX 

Y  =  A+BX 

Y  =  A(EXP)®^ 

Y  _ _ I— 

^  (A+BX) 

Y  =  A+B/X 

Y  =  A+B(LOG(X) ) 

Y  =  AX® 


Y 


X 

(A+BX) 


TABLE  5-9 


BEST  FIT  EQUATIONS  FOR  THE  TWENTY  SATO 
LOCATIONS  AND  THEIR  AGGREGATE 


Barksdale  .  .  . 
Chanute  .... 
Charleston  .  .  . 
Griffiss  .  .  . 
Hanscom  .  .  .  . 
Homestead  .  .  . 
Keesler  .  .  .  . 
Kirtland  .  .  . 
Lackland  .  .  . 
Los  Angeles  .  . 

Lowry  . 

March  . 

Maxwell  .  .  .  . 
McGuire  .  .  .  . 
Offutt  .  .  .  . 
Patrick  .  .  .  . 

Scott  . 

Sheppard  .... 
Vandenberg  .  . 
Wright-Patterson 
Aggregate  .  .  . 


Y  =  A+BX 

Y  =  A+BX 

Y  =  A+BX 

Y  =  A+BX 

Y  =  A(EXP)®^ 

Y  =  A+B(LOG(X)) 

Y  =  1/(A+BX) 

Y  =  A+BX 

Y  =  A+BX 

Y  =  A(EXP)®^ 

Y  =  A(EXP)®^ 

Y  =  A+BX 

Y  =  1/(A+BX) 

Y  =  A  ’’X 

Y  =  A+B/X 

Y  =  AX® 

Y  =  A+BX 

Y  »  A(EXP)®^ 

Y  =  A(EXP)®^ 

Y  =  AX® 

Y  =  1/(A+BX) 


when  modeled  by  the  unit  learning  curve.  This  finding 
will  be  addressed  in  the  final  chapter  of  the  thesis. 

Comparison  of  Actual  to 
Predicted  Values 

To  compare  the  predicted  rates  of  failure  to  use 
discounts  to  the  actual  rates  of  discount  fare  nonusage, 
the  authors  used  the  mean  absolute  deviation  (MAO)  as  a 
device  for  judging  the  magnitude  of  the  deviation  and 
selecting  the  best  regression  model.  The  MAD  is  cal¬ 
culated  by  summing  the  absolute  deviation  between  the 
actual  and  forecasted  values  and  dividing  that  sum  by  the 
number  of  months  forecasted  (12:  88  ) .  The  calculation  of 
the  MADs  for  each  of  the  three  models  is  provided  in 
Appendix  H.  Table  5-10  displays  the  MAD  values  according 
to  SATO  location  and  by  regression  model.  The  unit  learn¬ 
ing  curve  plotted  by  discount  usage  rate  and  month  con¬ 
sistently  predicted  the  discount  usage  rates  better  than 
the  learning  curve  plotted  by  discount  usage  rate  and 
unit,  and  the  best  fit  models.  Specifically,  in  thirteen 
of  the  twenty-one  populations,  the  learning  curve  plotted 
by  month  provided  the  most  accurate  results.  In  contrast, 
the  learning  curve  plotted  by  unit  provided  the  most 
accurate  results  in  only  four  of  the  twenty-one  cases. 

This  model  may  have  been  limited  in  its  effectiveness  due 
to  the  assumption  of  a  constant  dememd  from  the  previous 
year's  passenger  traffic.  Additionally,  a  change  in  the 
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TABLE  5-10 


MEAN  ABSOLUTE  DEVIATIONS 


SATO 

Location 

Learning  Curve 
by  Month 

Learning  Curve 

by  Unit*  Best  Fit 

■  ' 

Barksdale 

7.1 

7.7 

4.5 

V 

I ' 

iS 

Chanute 

7.2 

7.2 

1.4 

Charleston 

8.6. 

9.3. 

11.3^ 

> 

Griffiss 

12.7'^ 

15.4+ 

2.5+ 

Han scorn 

6.2 

7.1 

6.9 

Homestead 

3.8 

3.9 

3.9 

» 

Keesler 

4.0 

4.0 

4.5 

r 

Kirtland 

2.6 

3.5 

2.9 

Lackland 

.7 

.7 

3.8 

; 

Los  Angeles 

1.7 

2.2 

5.5 

* 

Lowry 

3.8 

5.2 

1.4 

March 

4.7. 

3.1. 

15.5. 

'i 

Maxwell 

14. 9^ 

15.9+ 

13.0+ 

McGuire 

6.7-^ 

11.8+ 

11.4+ 

Offutt 

4.5 

4.9 

7.0 

Patrick 

7.3 

6.2 

7.3 

Scott 

2.3 

3.2 

8.7 

*■ 

Sheppard 

3.6 

6.4 

3.5 

Vandenberg 

4.9 

5.4 

8.4 

1 

Wright-Patterson 

4.1 

7.6 

6.1 

Aggregate 

1.0 

3.4 

1.3 

■- 

Notes ; 

^Assumes  the  number  of  passengers  in  the  travel 
month  to  be  the  seune  as  the  identical  month  of  the  previous 
year . 

^Discounting  the  change  in  the  reporting  system 
as  of  1  March  82,  the  MADs  for  Griff iss  would  have  been 
22.6,  19.9,  and  37.8,  and  for  the  Maxwell  SATO  they  would 
have  been  16.6,  15.9,  and  18.5,  respectively.  The  data 
classified  under  partial  discount  codes  was  incorporated 
into  M£ucwell,  Griff  iss  and  McGuire  AFBs  as  their  deviation 
under  the  provided  data  was  too  great  to  be  realistic. 
Confusion  in  the  field  regarding  the  proper  reporting  of 
partial  discounts  was  confirmed  to  cause  aberrations  in 
the  data  (16;  10;  18).  The  double- digit  partial 
discount  codes  were  incorporated  into  Maxwell,  Griff iss 
and  McGuire  AFBs  to  provide  more  realistic  data.  This 
matter  is  discussed  further  in  Chapter  VI  of  this  study. 


SATO/Air  Transport  Association  (ATA)  reporting  system 
changed  the  value  of  the  nximfaer  of  discounts  offered  in 
March,  1982  (47;  16;  11;  18).  The  change  in  the  defini¬ 
tion  of  a  discount  caused  a  change  in  the  reported  number 
of  discounts  used.  As  a  result,  the  learning  curve  plotted 
by  unit  predicted  the  discount  usage  values  best  in  only 
two  of  the  twenty-one  populations,  Griffiss  and  Maxwell 
AFBs.  Finally,  the  best  fit  models,  while  they  minimized 
the  maximxim  residual  error  in  the  initial  twelve  months 
data,  did  not  perform  well  as  predictors  for  the  actual 
rates  of  discount  usage.  These  models  accurately  predicted 
the  actual  values  of  discount  usage  in  only  six  of  the 
twenty-one  cases.  As  explained  earlier,  without  a  change 
to  the  definition  of  a  discount,  the  best  fit  models  would 
have  been  accurate  in  only  four  of  the  twenty-one  cases. 

In  terms  of  magnitude,  the  MADs  displayed  rela¬ 
tive  success  in  the  use  of  the  unit  learning  curve  plotted 
by  month.  When  using  a  criterion  of  MADs  less  than  or 
equal  to  five,  the  unit  learning  curve  was  successful  in 
thirteen  out  of  twenty-one  cases.  In  other  words,  the  pre¬ 
dicted  rate  of  discount  usage  for  thirteen  of  the  twenty 
locations  and  their  aggregate  fell  within  a  MAD  value  of 
five  when  compared  to  actual  values.  Broadening  the  cri¬ 
terion  to  MAD  values  of  ten,  encompassed  all  but  two  of 
the  calculated  MADs. 
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Tracking  signals  were  calculated  to  determine  the 
direction  of  the  predictions,  whether  they  were  above  or 
below  the  actual  values,  and  to  establish  the  control 
limits  of  the  model.  Tracking  signals  are  calculated  by 
dividing  the  Running  Sum  of  Forecast  Errors  (RSFE)  by  the 
MAD  (12:88) .  Table  5-11  lists  the  tracking  signals  for  the 
unit  learning  curve  model  plotted  by  month.  Appendix  H 
provides  the  calculation  of  the  tracking  signals  for  each 
of  the  three  types  of  models  discussed  above.  The  unit 
learning  curve  tended  to  project  negative  tracking  signals 
as  fourteon  of  the  twenty-one  calculations  were  negative. 
That  is,  the  values  (discount  usage  rate)  predicted  by  the 
learning  curve  tended  to  be  higher  than  the  actual  values. 

The  tracking  signal  also  may  be  used  to  determine 
whether  the  model's  forecasts  are  in  control.  According 
to  Chase  and  Aquilano,  acceptable  limits  for  the  tracking 
signal  vary  dependent  on  the  level  of  demand  being  fore¬ 
casted  (12:88).  High  volume  items  should  be  monitored  to 
a  greater  extent  than  low  volume  items.  Chase  and 
Aquilano  provide  a  set  of  control  limits  which  is  presented 
in  Table  5-12  (12:88).  This  table  is  extremely  stringent, 
however,  as  the  model  being  evaluated  would  have  little 
discretionary  value  beyond  ±  2  MADs.  Plossl  and  Wight  take 
a  practitioner's  view  of  this  problem  and  suggest  that 
"acceptable  maxima  for  the  tracking  signal  run  between  four 
and  eight  [38:107]."  They  further  indicate  that  high 
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TABLE  5-11 


TRACKING  SIGNALS 


SATO 

Learning  Curve  Plotted 

Location 

by  Month 

Barksdale 

-3 

Chanute 

2 

Charleston 

-4 

Griff iss* 

-2 

Hanscom 

.9 

Homestead 

1.1 

Keesler 

-1.4 

Kirtland 

-2.0 

Lackland 

1.3 

Los  Angeles 

-.4 

Lowry 

-4 

March 

2 

Maxwell* 

-2 

McGuire 

-2 

Offutt 

-3 

Patrick 

3 

Scott 

-2.7 

Sheppard 

-4 

Vandenberg 

1.7 

Wright-Patterson 

-4 

Aggregate 

-2 

Note;  *These  tracking  signals  chcuiged  their  direc¬ 
tion  from  positive  to  negative  due  to  the  change  in  what 
constituted  a  discount  as  of  March  1,  1982. 


C 
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TABLE  5-12 


CONTROL  LIMITS 


Number 

of 

MADs 

Related  Number 
of  Standard 
Deviations 

Percentage  of  Points 
Lying  Within 
Control  Limits 

±1 

0.798 

57.048 

±2 

1.596 

88.946 

±3 

2.394 

98.334 

+4 

3.192 

99.856 

volume  items  should  require  a  maximvun  tracking  signal  of 
±  4  MADs  "to  trigger  an  early  review  of  the  forecast 
[38:107]."  The  authors  examined  the  tracking  signals 
calculated  from  the  unit  learning  curve  predicted  values 
(rates  of  discount  usage) ,  and  confirmed  that  the  tracking 
signals  for  the  SATO  locations  and  their  aggregate  fell 
within  the  ±  4  MADs  control  limit.  Therefore,  the  model's 
forecasts  are  in  control,  and  provide  reasonable  fore¬ 
casts  of  the  rates  of  discount  usage. 

Summary 

The  investigation  of  learning  curve  theory  as  a 
predictor  for  airline  discount  rate  usage  revealed  posi¬ 
tive  results.  The  data  obtained  from  twenty  SATO  loca¬ 
tions  for  a  sixteen-month  period  reflected  discount  rate 
growth  in  all  bases  with  the  possible  exception  of  Maxwell 
AFB,  Alabama.  Plots  of  the  learning  curves  on  log-log 


paper  and  in  real  niimber  dimensions  provided  pictoral  evi¬ 
dence  of  the  progressive  improvement  of  SATO  locations  in 
obtaining  a  greater  number  of  discounts.  While  highly 
variant  learning  curve  slopes  were  obtained  through  the  use 
of  two  packaged  computer  programs,  the  Plot  50  program  was 
chosen  as  the  predictive  tool  due  to  its  close  resemblance 
to  the  graphically  derived  rates  of  learning.  The  unit 
learning  curve  plotted  by  month  more  accurately  projects 
the  rates  of  discount  fare  usage  than  the  learning  curve 
plotted  by  units,  and  the  best  fit  regression  models. 

Nearly  62  percent  (thirteen  out  of  twenty-one  populations) 
of  the  forecasted  rates  of  discount  usage  fall  within  MAD 
values  of  five  when  compared  to  the  actual  rates  of  dis¬ 
count  usage.  One  hxindred  percent  of  the  tracking  signals 
fall  within  the  established  control  limit  of  ±  4  MADs 
demonstrating  the  reasonableness  of  the  unit  learning 
curve  projections. 


Analysis  of  Research  Question — 

Part  Two 

The  second  part  of  the  research  question  currently 
is  untestable  due  to  delays  in  the  contractual  process  of 
the  TMSP.  Nonetheless,  this  research  provides  a  proposed 
set  of  criteria,  a  benchmark  model,  against  which  the 


results  of  the  TMSP  test  data  may  be  compared.  Because 


this  study  demonstrated  that  the  performance  of  Wright- 
Patterson  AFB  SATO  was  not  generalizable  to  the  Air  Force 
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enhanced  SATO  population  as  represented  by  the  sample  under 
study,  the  authors  chose  tkzGuire  AFB,  New  Jersey,  as  the 
benchmark  base  for  test  criteria.  Having  similar  missions, 
and  belonging  to  the  same  command,  McGuire  and  Travis  AFBs 
have  a  number  of  common  factors.  However,  it  is  recog¬ 
nized  that  while  both  bases  have  access  to  cross-country 
discount  fares,  there  are  probably  numerous  variations  in 
disco^lnt  availability.  The  examination  of  those  variations 
lies  outside  the  realm  of  this  study.  In  addition  to  the 
cost  criteria  provided  for  !4cGuire,  cost  criteria  also  are 
provided  for  the  twenty-base  aggregate.  The  aggregate 
provides  a  macro  view  of  the  Air  Force  SATO  program. 

Table  5-13  provides  a  listing  of  unit  learning 
curve  by  month  projections  for  McGuire  AFB  from  the 
thirteenth  through  the  twenty-ninth  month.  This  time 
frame  encompasses  the  predicted  SATO  performance  from 
1  February  1982  to  31  July  1983.  The  learning  curve  pro¬ 
vides  a  steadily  declining  rate  of  failure  to  use  discount 
fares.  This  decline  reflects  the  trend  examined  in  part 
one  of  the  research  question.  There  are  limitations  and 
problems  associated  with  this  trend,  such  as  seasonality, 
which  will  be  examined  in  Chapter  VI. 

Table  5-14  provides  a  listing  of  unit  learning 
curve  projections  for  the  aggregate  of  the  selected  twenty 
SATO  locations.  While  these  projections  provide  an  out¬ 
look  for  the  months  ahead,  it  is  important  to  realize  that 


TABLE  5-13 


TABLE  5-14 


AGGREGATE  DISCOUNT  USAGE  CONTROL  LIMITS 


Month 

10%  Less  Units 

Same  Units 

10%  Greater  Units 

13 

29.2 

29.2 

29.2 

14 

28.9 

28.8 

28.7 

15 

28.5 

28.4 

28.3 

16 

28.1 

28.0 

27.9 

17 

27.8 

27.6 

27.5 

18 

27.4 

27.3 

27.1 

19 

27.2 

27.0 

26.8 

20 

26.9 

26.6 

26.4 

21 

26.6 

26.3 

26.1 

22 

26.3 

26.0 

25.8 

23 

26.0 

25.7 

25.5 

24 

25.8 

25.5 

25.3 

25 

25.6 

25.3 

25.1 

26 

25.4 

25.1 

24.8 

27 

25.3 

24.9 

24.6 

28 

25.1 

24.7 

24.4 

29 

24.9 

24.5 

24.2 
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the  aggregate  has  inherent  limitations.  The  aggregate  of 
the  twenty  bases  does  not  exist  in  and  of  itself.  It  is 
a  study  and  a  projection  of  averages.  As  such,  its  study 
should  be  conducted  accordingly. 

Although  the  learning  curve  model  plotted  by  unit 
was  not  the  most  effective  means  of  predicting  the  rate  of 
discount  fare  usage,  it  may  be  an  integral  tool  in  the 
prediction  of  discount  fare  usage  when  passenger  traffic 
increases  or  decreases  by  a  significant  amoiuit.  Tables 
5-13  and  5-14  provide  control  limits  for  passenger  traffic 
when  that  traffic  varies  from  10  percent  below  to  10  per¬ 
cent  cUDOve  the  previous  year's  traffic  levels.  The  key  to 
this  control  device  may  lie  in  the  development  of  etn  effec¬ 
tive  method  of  predicting  the  passenger  traffic  levels. 


Subjective  Analysis 

An  overview  of  SATO  and  TMSP  programs  was  presented 
in  Chapter  II.  This  section  contains  a  subjective  analysis 
of  the  services  provided  under  each  program.  The  services 
discussed  are  those  presented  in  the  TMSP  Request  for  Pro¬ 
posal  and  SATO'S  Memorandum  of  Understanding. 

Prior  to  the  development  of  TMSP,  the  travel 
agent  concept  was  tested  by  a  few  individual  government 
organizations.  The  results  from  the  Department  of  Labor 
and  General  Services  Administration  tests  are  summarized 


and  presented  in  this  section.  Next,  a  chart  developed 
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by  the  authors  to  provide  a  tool  for  comparison  of  ser¬ 
vices  rendered  by  the  TMSP  and  SATO  is  presented.  Follow¬ 
ing  this  chart  is  a  comparative  analysis  of  these  services. 

Evaluation  of  Previous  Tests 

Two  forms  of  regulation  prohibited  the  govern¬ 
mental  use  of  travel  agencies.  A  Government  Accounting 
Office  (GAO)  regulation  prohibited  the  use  of  travel 
agencies  by  governmental  activities  except  the  State 
Department.  The  exception  granted  to  the  State  Department 
allowed  the  use  of  travel  agencies  in  and  between  over¬ 
seas  areas  (28) .  The  second  prohibition  took  the  form  of 
agreements  between  the  Air  Traffic  Conference  (ATC)  and 
travel  agencies  which  prevented  the  travel  agencies  from 
collecting  commissions  on  government-sponsored  travel  (28) . 
This  agreement  was  sanctified  by  the  Civil  Aeronautics 
Board  (CAB) .  The  argument  of  the  ATC  for  such  a  prohibi¬ 
tion  was  based  on  the  assertion  that  travel  agencies  were 
paid  a  commission  strictly  for  their  promotion  of  airline 
travel  (4:11-12). 

The  movement  towards  deregulation,  and  the  pressure 
provided  by  agencies  such  as  the  American  Society  of  Travel 
Agents,  influenced  the  CAB's  reconsideration  of  the  ATC/ 
travel  agencies'  agreements  illustrated  above.  Under  the 
cab's  Competitive  Marketing  Study,  the  CAB  found  the 
government-sponsored  travel  provision  to  be  improper.  In 


88 


the  Spring  of  1981,  the  CAB  rescinded  its  approval  of  the 
agreement  (28).  The  CAB  further  stated  that  any  future 
restrictions  of  this  nature  were  a  matter  for  individual 
airline  and  travel  agency  consideration  (28) . 

In  1981,  the  Department  of  Labor  performed  a  test 
examining  the  potential  use  of  travel  agencies  in  the 
Employment  and  Training  Administration  in  Washington,  D.C. 
(53;i).  The  0.  Roy  Chalk  Travel  Agency  operated  under  con¬ 
tract  providing  a  centralized  ticketing  and  reservations 
function  for  the  Employment  and  Training  Administration 
(53:i).  Prior  to  this  experiment,  airline,  hotel,  and  car 
rental  reservations  were  made  by  the  individual  traveller. 
This  was  the  first  time  a  central  travel  function  operated 
within  the  Department  of  Labor.  This  centralized  travel 
function  was  reported  as  a  general  success  (53:5). 

Mr.  Bill  McDade,  Director  of  Policy  Development  and  Analy¬ 
sis  Division,  Office  of  Travel  and  Management,  General 
Services  Administration,  went  even  further  to  say  the 
Department  of  Labor's  test  was  a  "resounding  success  [28]." 
The  test,  however,  was  not  without  its  problems.  Initially 
the  test  had  to  be  terminated  as  the  0.  Roy  Chalk  Travel 
Agency  withdrew  from  the  test  program  on  December  31,  1981 
(24:16).  This  travel  agency  withdrew  due  to  the  difficulty 
encountered  in  the  collection  of  commissions  from  the  air¬ 
lines  and  in  maintaining  a  sufficient  cash  flow  to  sustain 
the  agency  during  the  government  reimbursement  process. 


At  one  time  during  the  test,  this  agency  was  over  $100,000 
in  the  arrears  on  making  collections  from  the  government 
(52:2).  A  large  part  of  the  travel  agency's  revenue  was 
provided  by  commissions  based  upon  tickets  not  requiring 
Government  Travel  Requests  (GTRs) .  The  travel  agency 
reported  at  least  a  $30,000  loss  at  the  time  of  their 
withdrawal  from  the  program  (24:16).  A  second  major  prob¬ 
lem  dealt  with  the  high  turnover  of  labor  during  the  test 
(53:2).  The  labor  turnover  rate  may  be  characteristic  of 
the  travel  agent  industry. 

The  General  Services  Administration  (GSA) 
initiated  its  own  test  in  April  1982.  The  test  was 
designed  to  examine  the  feasibility  of  a  travel  service 
operating  within  the  government.  GSA  management  felt 
that  SATOs  produced  an  inferior  service  (28),  and  they 
believed  that  travel  agencies  may  provide  a  higher  level 
of  service  to  the  traveller.  (The  SATOs  servicing  the  GSA 
were  not  "enhanced"  as  the  Air  Force  SATOs  have  been.) 

The  choice  of  travel  agencies  was  based  on  their  submis¬ 
sion  of  statements  of  work,  and  the  subsequent  negotiation 
between  GSA  and  the  travel  agency  (28).  Establishing  test 
sites  in  such  locations  as  Washington,  D.C.,  Dallas,  Denver 
Kansas  City,  Baltimore  and  Omaho,  the  GSA  sought  perform¬ 
ance  results  from  a  cross-section  of  its  operations. 
Multiple  test  sites  were  also  established  since  GSA 


management  did  not  want  to  rely  on  the  results  of  a  single 
test  site  (28) . 

GSA  attempted  to  correct  some  of  the  deficiencies 
discovered  during  the  Department  of  Labor  test  by  consoli¬ 
dating  transactions  into  one  Government  Transportation 
Request  (GTR,  Standard  Form  1169) .  In  this  manner,  the 
GSA  sought  to  expedite  the  reimbursement  process,  and  to 
provide  cash  directly  to  the  travel  agents.  It  was  then 
up  to  the  travel  agents  to  use  this  money  as  "leverage" 
with  which  to  negotiate  commissions  with  the  airlines 
(28).  While  some  travel  agents  refused  to  submit  state¬ 
ments  of  work  based  upon  past  prohibitions  on  government 
travel  commissions,  a  number  of  aggressive  travel  agents 
realized  the  far-reaching  benefits  of  such  a  proposition 
(28)  .  Hence,  the  GSA  had  little  trovible  contracting 
travel  services  at  each  of  its  designated  locations. 
Although  the  GSA  has  instituted  these  capital  flow  changes 
the  results  of  the  test  remain  to  be  seen .  The  questions 
of  sufficient  capital  and  labor  turnover  remain  from  the 
previous  Department  of  Labor  test.  The  nature  of  the  GSA 
test  results  may  indeed  depend  on  the  answers  to  these 
questions. 

Comparative  Analysis 

The  enhanced  Scheduled  Airline  Traffic  Office 


(SATO)  and  the  Travel  Management  Services  Programs  (TMSP) 


t 

possess  distinct  advantages  over  one  another  (see  Table 

5-15) .  The  following  analysis  assumes  the  services  • 

offered  by  either  program  are  functional  and  necessary. 

As  will  be  discussed  later  in  Chapter  VI,  this  assumption 
deserves  future  study.  • 

The  Scheduled  Airline  Traffic  Office  program 
possesses  a  tremendous  experience  advantage  over  the  TMSP 
program.  Although  the  SATO  was  only  recently  enhanced  in  • 

1979,  its  background  in  airline  operations  and  knowledge 
of  the  government's  need  for  those  operations  is  extensive. 

This  is  reflected  in  the  experience  records  of  SATO  • 

employees.  SATO  managers  possess  an  average  of  twenty-six 

years  of  experience  in  the  airline  industry,  and  nineteen 

of  those  are  within  the  SATO  (41) .  The  SATO  agent  averages  * 

twenty  years  of  airline  experience,  and  twelve  of  those  are 

within  the  SATO  (41)  .  While  pay  levels  of  SATO  agents 

and  managers  were  not  readily  available,  as  they  vary  * 

depending  on  the  sponsoring  airline,  they  are  reportedly 

higher  than  that  of  the  average  travel  agency  (41) .  This 

lends  credence  to  the  SATO's  assertion  of  industry 

expertise.  This  advantage  tends  to  become  stronger  in 

light  of  the  Department  of  Labor  test  results  where  a  high 

% 

rate  of  labor  turnover  was  the  norm  for  the  contracted 
travel  agency. 

The  second  major  advantage  of  the  enhanced  SATO 
program  concerns  its  organizational  structure.  The  SATO 
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exists  as  an  entity  managed  in  cooperation  between  the  Air 
Transport  Association  (ATA)  and  the  United  States  Air 
Force  Directorate  of  Transportation.  As  such,  there  is 
a  direct  link  between  the  ATA  and  the  Directorate  of  Trans¬ 
portation,  and  between  the  SATO  and  the  Traffic  Management 
Officer  (TMO)  (16).  A  management  information  system  has 
been  established  whereby  the  monthly  sales  and  discount 
usage  reports  are  sent  by  each  SATO  through  the  ATA  to  the 
Directorate  of  Transportation.  Any  discrepancies  found 
in  the  report,  or  any  management  problems  detected,  may 
then  be  channeled  back  through  the  ATA.  The  system 
possesses  a  minimum  number  of  managerial  levels,  and  has 
developed  a  strong  functional  relationship  between  the  ATA 
and  the  Air  Force  (43) .  It  is  this  system-like  operation 
that  lends  itself  to  spinoffs  such  as  the  SATO  satellite 
program,  where  bases  unable  to  justify  an  independent  SATO 
may  still  enjoy  the  services  of  a  SATO. 

The  system-like  operation  of  the  SATO  may  be  diffi¬ 
cult  to  achieve  under  the  TMSP.  The  system  can  become 
fragmented  since  each  base  may  opt  for  a  contract  with  a 
travel  agency,  a  SATO,  or  an  independent  airline  to  provide 
the  travel  service.  Although  the  travel  agencies  may 
gradually  establish  a  centralized  reporting  system,  much 
like  their  current  plan  for  ticket  payment  (the  Area 
Settlement  Plan) ,  this  supposes  that  all  Air  Force  travel 
services  will  be  travel  agents  belonging  to  the  American 


Society  of  Travel  Agents,  Inc.  (ASTA)  (4:17).  Additionally, 
the  relationship  between  the  Air  Force  TMO  and  the  travel 
agent  under  the  TMSP  becomes  more  complicated  them  under 
the  enhanced  SATO  program.  Under  the  current  enhanced 
SATO  program,  the  SATO  operates  in  compliance  with  a 
Memorandum  of  Understanding  (MOU) .  The  MOU  allows  direct 
discussion  between  the  SATO  manager  and  the  Traffic  Man¬ 
agement  Officer.  In  contrast  to  this  relationship,  the 
travel  agency  will  operate  under  a  contract.  This  rele¬ 
gates  the  TMO  to  the  position  of  a  technical  representa¬ 
tive  of  the  contracting  officer  (TRCO) .  As  a  TRCO,  the 
TMO  will  have  to  conduct  all  TMSP  business  through  the  con¬ 
tracting  officer.  A  minimum  of  one  managerial  level  is 
therefore  added  per  installation,  complicating  the  entire 
system  communication  process.  The  system  then  becomes  a 
series  of  fragmented  agencies  that  would  not  easily  allow 
technological  spinoffs  such  as  the  satellite  program. 

The  third,  and  final,  advantage  of  the  SATO  is 
its  capital  position.  The  SATO  located  at  Wright-Patterson 
AFB,  the  largest  in  the  Air  Force,  handles  transactions  of 
over  50,000  dollars  per  day  (47).  The  speed  of  the 
federal  reimbursement  process  does  not  permit  real  time  pay¬ 
ment  of  transactions.  As  a  result,  the  travel  operation 
requires  a  substantial  sum  of  operating  capital.  As  a 
large  operation  funded  by  ATA  affiliated  airlines,  the 
SATOs  possess  the  necessary  capital.  In  contrast,  travel 


agencies  may  not  possess  the  capital  to  operate  effec¬ 
tively  at  some  Air  Force  installations.  This  problem 
forced  the  withdrawal  of  the  contracted  agency's  participa¬ 
tion  in  the  previously  reported  Department  of  Labor  test. 

The  results  of  the  GSA  travel  service  test  should  provide 
vital  information  regarding  operating  capital  needs  of 
travel  agents  in  the  governmental  environment. 

The  Travel  Management  Services  Program  provides 
two  advantages  relative  to  the  SATO  program.  First,  the 
TMSP  provides  an  increased  level  of  service.  The  con¬ 
tracted  travel  agency  may  provide  tickets  and  reservations 
for  surface  modes  of  transportation,  including  bus  and  rail, 
in  addition  to  airline  travel.  Travel  agency  personnel  are 
also  capable  of  providing  reservations  for  hotel  and  car 
rentals.  Travel  agencies  belonging  to  ASTA  employ  certi¬ 
fied  personnel.  That  is,  travel  agency  personnel  undergo 
a  three  and  a  half  year  educational  and  training  program 
familiarizing  employees  with  all  facets  of  the  travel 
industry  (36) .  While  the  experience  and  pay  levels  of 
travel  agency  personnel  may  not  be  as  high  as  those  in 
the  SATOs,  they  possess  more  experience  across  a  variety  of 
modal  choices.  Under  the  TMSP,  a  travel  service  may  be 
provided  by  either  a  SATO,  travel  agency,  or  independent 
airline.  This  level  of  competition  will  likely  cause  the 
SATOs  to  heighten  its  level  of  service.  An  example  of  this 
potential  trend  is  evident  in  the  current  GSA  test  program. 


An  article  in  Travel  Weekly  describes  the  efforts  of  an 
Atlanta -based  SATO  to  enhance  its  service  to  the  GSA  in 
light  of  the  GSA  test  (9:32).  Furthermore,  SATOs  and  the 
ATA  are  positioning  themselves  for  upcoming  contract  bids 
with  the  GSA  in  a  number  of  other  locations  (9:32-33). 

I 

While  the  travel  agency  may  not  win  the  contract,  its 
participation  in  the  contract  award  process  will  insure  a 
higher  level  of  service. 

The  second  advantage  of  the  TMSP  program  concerns 
the  number  of  business  contracts  made  available  to  Ameri- 
^  can  small  businesses,  defined  as  500  employees  or  less 

for  the  purpose  of  the  TMSP  test  (31) .  While  this  may  not 
be  a  specific  goal  of  the  travel  management  program,  it  is 

I  a  goal  sought  by  the  federal  government  as  a  whole.  In  a 

>1 

speech  to  the  Greater  Philadelphia  Chapter  of  the  National 
Contract  Management  Association,  Robert  J.  Trimble, 

P  Assistant  Administrator  for  Contract  Administration,  Office 

■ 

of  Federal  Procurement  Policy,  emphasizes  the  importance  of 
federal  contracts  as  a  means  for  reflecting  the  needs  and 
I  social  fabric  of  this  country  (49:12-14). 

One  other  area  deserves  attention  in  this  study  of 
comparative  travel  program  advantages.  That  is,  pro-SATO 
I  enhancement  and  pro-TMSP  supporters  claim  their  programs 

are  the  most  equitable.  The  pro-SATO  contingent  asserts 
the  travel  agency  possesses  little  incentive  to  obtain  the 
I  lowest  fare.  They  claim  the  greater  the  fare  chosen,  the 
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greater  the  comioission  received  by  the  travel  agency 
(47;  16) .  On  the  other  hand,  travel  agency  proponents 
claim  they  are  more  equitable  as  the  airline  sponsoring 
the  SATO  is  more  likely  to  obtain  the  most  passengers. 
Additionally,  they  assert  there  is  a  lack  of  incentive  in 
the  SATO  program  to  obtain  the  lowest  fare  for  the  same 
reasons  as  their  critics  espouse  (4:17).  After  examining 
the  arguments  of  the  proponents  involved  in  the  debate,  the 
matter  of  equity  becomes  a  moot  issue.  Under  either  pro¬ 
gram,  it  is  the  review  of  passenger  itineraries  by  quali¬ 
fied  TMO  personnel  that  determines  the  effectiveness  of  the 
system. 

Conclusion 

This  subjective  analysis  offers  a  brief  examina¬ 
tion  of  travel  service  experiments  in  the  Department  of 
Labor  and  in  the  General  Services  Administration.  The 
Department  of  Labor  travel  service  test  provided  general 
support  for  the  use  of  centralized  travel  services  within 
the  government.  However,  the  test  also  highlighted  the 
existing  problems  of  labor  turnover  and  a  lack  of  suffi¬ 
cient  operating  capital  within  the  travel  agent  industry. 

A  comparative  analysis  was  provided  highlighting  the  advan¬ 
tages  of  the  SATO  and  TMSP  programs.  While  both  programs 
offer  advantages  to  the  Air  Force,  the  enhanced  SATO 


I 
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program  would  seem  to  provide  the  greater  benefit  under 

the  current  contracting  and  transportation  operating  struc-  ^ ; 

tures.  Conclusions  and  recommendations,  based  on  the 
research  performed,  are  presented  in  Chapter  VI  and  pro¬ 
vide  the  summary  of  this  report. 

» 

§ 

■] 
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CHAPTER  VI 


CONCLUSIONS  AND  RECOMMENDATIONS 

Introduction 

A  principal  objective  of  this  study  was  to  evalu¬ 
ate  learning  curve  theory  as  a  tool  for  predicting  travel 
management  costs.  Following  this  evaluation,  the  authors 
attempted  to  provide  preliminary  information  regarding  the 
use  of  learning  curve  projections  as  comparative  criteria 
to  judge  the  forthcoming  Travel  Management  Services  Pro¬ 
gram  (TMSP)  test  at  Travis  AFB,  California.  This  chapter 
provides  the  conclusions  reached  after  examining  the  afore¬ 
mentioned  research  objectives  and  associated  two-part 
research  question,  the  limitations  of  the  learning  curve 
used  in  this  study,  euid  recommendations  for  future  research. 

Conclusions 

The  conclusions  section  of  this  chapter  follows 
the  original  twofold  research  question.  Additionally,  a 
third  category  of  conclusions  evaluates  the  TMSP  test  pro¬ 
gram  vis  a  vis  the  current  Air  Force  enhanced  SATO  progreua. 

Initially,  this  work  sought  to  answer  the  question 
as  to  whether  learning  curve  theory  provided  a  tool  for 
predicting  travel  management  costs.  The  authors  used  the 


Rate  of  Discoiint  Usage  Variedsle  to  operationalize  travel 
management  costs.  The  rates  of  discount  usage  for  the 
sao^le  of  twenty  SATO  locations  and  their  aggregate  were 
predicted  based  on  learning  curves  plotted  by  month  and  the 
percentage  of  discoiint  usage.  These  projected  rates  of 
discount  usage  were  compared  to  the  actual  results.  Cal¬ 
culating  the  mean  eibsolute  deviations  (MADs)  and  tracking 
signals  for  each  of  the  twenty -one  data  sets  demonstrated 
that  the  model  predicted  the  actual  rates  of  discount 
usage  within  ±  4  MADs,  and  that  the  model  was  in  control 
(i.e.,  that  is,  provides  reasonable  results).  The  latter 
conclusion  must  be  viewed  with  caution,  however,  as  a  maxi¬ 
mum  of  only  four  data  points  was  examined  per  location  due 
to  the  limited  data  base.  Nonetheless,  the  authors  did 
find  the  learning  curve  to  be  adaptive  to  the  travel  man¬ 
agement  industry.  The  learning  curve  certainly  may  be 
used  to  predict  airline  passenger  discount  rate  usage  by 
the  Air  Force  enh2uiced  Scheduled  Airline  Traffic  Offices 
with  relative  accuracy. 

In  addition  to  the  determination  of  the  learning 
curve  model  as  a  predictor  of  travel  management  costs, 
this  investigation  discovered  a  second  major  benefit  of 
learning  curve  theory.  That  is,  learning  curve  theory  pro¬ 
vides  a  superior  management  control  and  goal-setting 
device.  For  example,  by  simply  examining  the  rates  of 


discount  usage  in  relation  to  its  learning  curve,  the 


authors  easily  detected  several  aberrations  in  the  data. 
Upon  investigation  of  data  aberrations  at  McGuire, 

Griffiss,  euid  Maxwell  Air  Force  Bases,  the  authors  dis¬ 
covered  a  management  information  system  problem.  A  change 
in  the  discount  fare  accounting  system  failed  to  provide 
a  clear  distinction  between  partial  fares,  which  are  fares 
entitling  the  Air  Force  to  a  full  discount  over  a  single 
"leg"  of  a  trip,  with  a  midlevel  discounted  fare  that 
costs  more  than  a  fully  discounted  fare.  This  problem  was 
reported  to  Major  Larry  Ooak  of  the  Air  Force  Directorate 
of  Transportation.  His  communication  of  this  problem  to 
the  Air  Tr2msport  Association  should  provide  clarifying 
guidance  to  SATOs  Air  Force-wide. 

Learning  curve  theory  may  be  used  for  goal  setting 
cmd  management  control  purposes  in  a  nvunber  of  ways  at 
different  managerial  levels.  At  the  Headquarters  Air  Force 
level,  an  aggregate  learning  curve  may  be  used  to  provide 
a  macro  view  of  the  SATO  program  and  its  continuing  pro¬ 
gress.  Projections  based  on  the  aggregate  curve  should  pro- 
vide  a  relative  trend  or  set  of  control  limits  to  which 
the  actual  data  may  be  compared.  Major  Air  Commands  would 
be  able  to  develop  learning  curves  for  individual  bases 
for  similar  trend  analysis.  At  this  level,  learning  curve 
control  limits  could  direct  management  attention  to  signifi¬ 
cant  increases  or  reductions  in  discount  activity. 

Finally,  individual  Traffic  Management  Offices  and  SATO 


managers  could  manage  their  airline  ticket  operations  more 
effectively  by  establishing  realistic  goals  based  on  learn¬ 
ing  curve  projections.  Although  the  enhanced  SATO  pro¬ 
gram  traditionally  has  been  managed  without  established 
goals  to  prevent  "gaming"  of  the  system  (43;  16),  a  set  of 
realistic  goals,  trends  or  control  limits  still  offer  a 
multitude  of  managerial  uses. 

The  second  category  of  conclusions  concerns  the 
part  of  the  research  question  addressing  the  use  of  the 
learning  curve  to  establish  criteria  for  the  TMSP  test. 

The  establishing  of  comparative  criteria  is  limited  by 
the  lack  of  TMSP  test  data  with  which  to  compare  the 
projected  rates  of  discount  usage.  The  second  half  of  the 
research  question  is  therefore  untestable  at  this  time, 
and  relies  upon  future  research  to  determine  the  validity 
of  this  use  of  the  learning  curve.  Nonetheless,  the 
investigation  yielded  the  following  major  conclusion. 

The  authors  established  that  the  nature  of  each 


SATO  is  unique.  The  individualized  nature  of  the  SATO  may 
be  due  to  its  location,  base  mission,  discount  availability 
quality  of  management  personnel,  and  several  other  fac¬ 
tors.  For  example,  in  an  atten^t  to  establish  Wright- 
Patterson  AFB  (WPAFB)  as  a  representative  of  the  aggregate 
Air  Force  SATO  population,  the  authors  found  the  mean 
rates  of  discount  usage  from  the  twenty  SATO  locations  to 
be  classified  in  ten  distinct  groups  in  a  Duncan's  Range 


Test  performed  at  the  .05  significance  level.  The  WPAFB 
SATO  mean  was  grouped  with  only  three  other  bases,  thus 
failing  the  criterion  test  that  it  be  grouped  with  at 
least  51  percent  of  the  sampled  SATO  locations.  Further, 
the  varicuice  between  learning  curve  slopes  for  each  of 
the  bases,  as  shown  in  Table  5-1;  and  the  variemce  in  the 
MADs  and  tracking  signals,  as  shown  in  Tables  5-10  and 
5-11;  demonstrate  the  individuality  of  each  of  the  twenty 
sampled  SATO  locations.  Therefore,  the  authors  concluded 
that  each  SATO  location  is  unique  in  its  performance 
results.  This  supports  an  assertion  made  by  the  WPAFB 
SATO  manager  during  a  personal  interview  (47) .  This  con¬ 
clusion  is  accompanied  by  several  ramifications.  First, 
this  conclusion  forced  the  dismissal  of  WPAFB  as  a  suit¬ 
able  representative  of  the  SATO  population.  In  fact, 
the  conclusion  discourages  any  further  attempts  to  choose 
a  suitable  SATO  location  from  which  to  generalize. 
Secondly,  the  uniqueness  of  the  bases  requires  an  indi¬ 
vidual  evaluation  of  SATO  limitations  in  terms  of  manage- 
mej  t  effectiveness.  Comparative  evaluations  between  two 
different  SATO  locations  could  be  invalid,  particularly 
if  their  means  are  classified  in  different  groups  by  the 
Duncan's  Range  Test. 

The  third,  and  final,  category  of  conclusions 
addresses  the  differences  between  the  TMSP  and  the 
enhanced  SATO  program.  As  described  in  the  comparative 


analysis  in  Chapter  V,  the  TMSP  provides  a  higher  level 
of  customer  service  through  the  addition  of  multimodal 
ticketing  and  reservations  capabilities.  The  TMSP  also 
affords  the  Air  Force  and  the  DOD  the  opportunity  to  pro¬ 
vide  a  greater  number  of  small  business  contracts.  On  the 
other  hand,  the  SATO  maintains  advantages  of  personnel  and 
managerial  experience  cuid  minimal  rates  of  labor  turnover. 
The  enhanced  SATO  system  offers  an  integrated  management 
system  as  opposed  to  the  inherently  fragmented  nature  of 
the  TMSP.  Finally,  the  SATO  operates  best  within  the  con¬ 
straints  of  current  contracting  and  transportation  opera¬ 
tions.  Direct  communication  between  the  Air  Force  Direc¬ 
torate  of  Transportation  facilitates  a  manageable  passen¬ 
ger  travel  system  by  minimizing  the  number  of  managerial 
levels.  Under  the  current  system,  the  SATO  provides  the 
optimal  service  in  terms  of  manageability  and  stability. 
The  TMSP  must  confront  too  many  orgemi rational  and  legal 
obstacles  to  be  effective  under  the  current  system.  This 
subject  is  discussed  in  greater  length  in  the  recommenda¬ 
tions  for  future  research  portion  of  this  chapter. 

Research  Limitations 

Four  major  limitations  were  confronted  in  this 
study.  These  limitations  involved  data  availability,  the 
sensitivity  of  the  learning  curve  to  system  changes,  the 
relative  accuracy  of  the  unit  learning  curve  model,  and 
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the  assumption  that  McGuire  and  Travis  AFBs  belong  to  the 
same  population.  Each  of  these  limitations  will  now  be 
discussed. 

The  seemingly  perpetual  delays  of  the  TMSP  test 
prevented  the  pursuit  of  the  second  portion  of  the  research 
question.  Without  TMSP  test  data,  the  authors  were  unable 
to  test  the  validity  of  learning  curve  projections  as 
transportation  cost  criteria.  The  TMSP  test  at  Travis 
AFB,  California  is  currently  not  expected  to  begin  until 
after  January  1,  1983  (31) . 

The  second  limitation  of  this  research  was 
inherent  in  the  nature  of  the  learning  curve  itself.  That 
is,  the  learning  curve  was  sensitive  to  cheuiges  in  the  sys¬ 
tem  it  attempted  to  predict.  While  it  ably  identified  the 
discount  classification  change  in  March  1982,  the  learning 
curve  model's  rate  of  learning  would  have  required  a  modi¬ 
fication  had  it  not  been  for  an  accommodating  change  in 
the  basic  data  (see  Table  5-10) .  When  major  system 
changes  are  made,  the  learning  curve's  rate  of  learning 
must  also  change. 

The  third  limitation  regards  the  relative  accuracy 
of  the  learning  curve  model  in  predicting  transportation 
costs.  The  vinit  learning  curve  plotted  by  rate  of  dis¬ 
count  usage  and  month  was  found  to  predict  the  actual  rate 
of  discount  usage  with  relatively  strong  accuracy.  How¬ 
ever,  better  models  may  exist  as  shown  in  the  "best  fit" 


analysis  in  Chapter  V.  In  that  analysis,  the  unit  learn¬ 
ing  curve  plotted  by  rate  of  discount  usage  and  month 
produced  the  least  msocimum  residual  error  in  only  two  of 
the  twenty-one  populations.  The  major  reasons  for  this 
relatively  poor  level  of  performance  are  that  the  learning 
ciirve  plotted  by  month  ignores  the  factors  of  seasonality, 
managerial  quality,  discount  availability,  and  level  of 
competition  inherent  at  each  SATO  location.  However,  this 
model  did  provide  superior  predictions  when  compared  to 
the  learning  curve  model  plotted  by  unit  because  of  the 
unit  model  assun^tion  that  passenger  traffic  remained  con¬ 
stant  to  the  monthly  traffic  of  the  previous  year.  As 
suggested  in  the  recommendations  for  future  research,  a 
regression  model  incorporating  variables  such  as  level  of 
competition,  level  of  passenger  traffic,  and  seasonality 
may  be  a  superior  predictor  of  discount  rate  usage.  Addi¬ 
tionally,  the  learning  curve  was  treated  as  a  heuristic 
tool  rather  than  in  its  strictest  statistical  form.  The 
heuristic  routine  (Table  5-5)  computes  algebraic  mid¬ 
points  that  do  not  possess  the  utmost  accuracy.  Computer 
routines,  such  as  the  Algebraic  Lot  Midpoint  Unit  Regres¬ 
sion  Analysis  (ALMURA) ,  are  available  to  obtain  more 
accurate  midpoints  (25:43) .  These  routines  may  boost  the 
accuracy  of  learning  curve  projections. 

The  fourth,  and  final,  limitation  concerns  the 
assumption  that  McGuire  and  Travis  AFBs  are  from  the  same 
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population.  In  view  of  the  conclusion  that  SATO  locations 
are  unique,  this  appears  to  be  a  weakened  assumption. 
Nonetheless,  pursuit  of  a  regression  model,  as  described 
above  to  explain  more  of  the  variance  than  the  unit  learn¬ 
ing  curve  model,  may  permit  a  better  comparison  of  the  two 
bases.  Since  the  travel  agency  operating  at  Travis  AFB 
was  covered  under  a  grandfather  clause  allowing  its  opera¬ 
tion  at  a  government  installation,  there  was  no  SATO  data 
available  to  make  an  objective  comparison  to  any  SATO  host 
base.  Therefore,  the  con^arison  of  Travis  and  McGuire 
AFBs  remains  a  subjective  one  whether  a  learning  curve  or 
specially  designed  regression  model  is  employed. 

Recommendation  s 

Four  major  recommendations  for  future  research  are 
offered  in  accordance  with  the  twofold  research  question 
and  the  sxibjective  analysis  of  the  TMSP  and  the  enhanced 
SATO  programs.  Initially,  the  successful  testing  of 
the  learning  curve  as  a  predictor  of  transportation  costs 
requires  several  iterations.  With  a  maximum  of  four  data 
points  per  base  to  verify  this  conclusion,  further  research 
is  required  to  reverify  the  use  of  the  learning  curve  for 
this  purpose. 

The  second  part  of  the  research  question  was  left 
unanswered  as  the  TMSP  test  met  with  continual  delay.  A 
test  of  the  learning  curve  projections  as  transportation 
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cost  criteria  is  required  to  fulfill  the  response  to  the 
posited  research  question.  This  test  may  be  conducted  in 
two  ways.  First,  the  test  may  be  designed  as  originally 
proposed  by  this  research.  That  is,  the  criteria  estab¬ 
lished  in  this  study  by  learning  curve  projections  would 
be  compared  to  the  actual  results  of  the  TMSP  test  at 
Travis  AFB,  California.  A  second  means  of  conducting  the 
test  may  be  to  compare  the  results  of  the  GSA  test  in 
aggregate  to  the  learning  curve  projections  of  the  Air 
Force  aggregate.  Results  of  the  GSA  test  should  become 
available  in  the  first  annual  assessment  of  the  test  pro¬ 
gram  in  April  1983  (28).  Either  of  these  options  would  pro 
vide  a  more  objective  means  for  coirparing  the  two  programs. 

Third,  a  regression  model  should  be  developed  to 
predict  transportation  costs,  and  establish  transportation 
cost  criteria.  Variables  such  as  level  of  competition, 
discount  rate  availability,  number  of  passengers,  and 
seasonality  should  be  used  to  explain  the  variance  of  the 
individual  SATO  performance.  This  model  should  be  com¬ 
pared  to  the  basic  learning  curve  model  used  in  this 
research.  An  assessment  then  may  be  made  to  determine 
the  superiority  of  either  model. 

The  final  recommendation  addresses  whether  the 
TMSP  or  the  SATO  is  best  for  the  Air  Force.  Throughout 
the  research,  the  authors  found  a  statement  of  need 
noticeably  missing  from  the  literature.  The  question 


surrounding  this  subjective  analysis  of  which  program  best 
serves  the  United  States  Air  Force  centers  on  the  service 
required  and  expressed  in  a  need  statement.  If  the  ser¬ 
vice  required  includes  multimodal  ticketing  and  reserva¬ 
tions,  car  rentals  euid  hotel  reservations,  then  the  TMSP 
must  be  given  full  consideration.  If  these  services  are 
unnecessary,  then  there  is  little  need  of  testing  the 
TMSP.  As  Hay  suggests,  the  first  step  in  the  planning 
process  should  be  an  expression  of  a  statement  of  need 
(22:475) . 

Once  a  statement  of  need  is  expressed,  an  examina¬ 
tion  of  transportation  cost  criteria  becomes  useful. 
Con?)aring  the  TMSP  actual  results  to  the  criteria  based 
upon  learning  curve  or  specially  designed  regression  model 
projections  provides  an  insight  to  the  competitive  nature 
of  the  two  programs.  If  the  TMSP  is  competitive  in  terms 
of  discount  rate  usage,  or  some  other  selected  variable (s) 
then  the  TMSP  should  be  analyzed  in  terms  of  its  overall 
performance . 

The  comparative  advantage  emalysis  suggested  above 
should  include  a  prioritization  of  program  qualities,  and 
assume  that  either  program,  TMSP  or  SATO,  was  operating  in 
a  supportive  environment.  As  discussed  in  the  subjective 
analysis  and  conclusions  of  this  study,  there  are  advan¬ 
tages  to  either  program.  Prioritization  of  these  advan¬ 
tages,  such  as  level  of  service  and  system-like  nature 


of  the  SATO,  should  be  made  to  ascertain  the  relative 
standing  of  the  two  programs.  Essential  to  the  complete¬ 
ness  of  this  emalysis  should  be  consideration  of  the  TMSP 
\inder  a  contractual  system  operating  by  exception.  That 
is,  accommodating  legislation  should  be  considered  to 
hasten  the  federal  system  of  reimbursement  and  redirect 
the  flow  of  communication  between  the  contractor  (travel 
management  service)  and  the  beneficiary  (Traffic  Manage¬ 
ment  Officer) .  Under  the  current  contractual  structure, 
the  TMSP  cannot  equitably  compete  since  the  contracting 
system  is  inherently  supportive  of  large  travel  management 
firms  that  have  the  operating  capital  to  function  within  a 
slow  reimbursement  system.  The  TMSP/SATO  comparative 
analysis  should  address  these  system  changes. 

Summary 

This  chapter  provided  conclusions,  limitations  of 
this  research,  and  recommendations  for  future  research. 
This  study  demonstrated  that  learning  curve  theory  may  be 
used  for  predicting  travel  management  costs.  The  applica¬ 
tions  of  the  learning  curve  to  Air  Force  travel  management 
agencies  are  numerous.  Learning  curve  projections  serve 
as  excellent  management  and  control  tools  as  they  allow 
for  the  establishment  of  realistic  goals,  trends  and  con¬ 
trol  limits.  These  projections  also  may  serve  as  excel¬ 
lent  budgetary  and  planning  tools  to  the  travel  manager. 
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While  there  are  limitations  to  this  study,  future  research 
may  aid  in  eliminating  or  reducing  the  importance  of  those 
limitations.  The  authors  recommend  replications  of  this 
study  to  affirm/deny  the  learning  curve  as  a  predictor 
for  future  travel  costs;  comparisons  of  the  TMSP  or  GSA 
test  data  to  the  travel  cost  criteria  in  this  study; 
regression  models  be  developed  to  better  predict  travel 
costs;  and  evaluations  of  the  TMSP  and  SATO  programs  be 
performed  after  a  statement  of  need  is  expressed. 
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Air  Transport  Association  of  America  (ATA) — the  trade  and 
service  organization  representing  certain  U.S. 
air  carriers  (29:B-1). 


Airline  Discount — airline  ticket  rates  offered  by  airline 
carriers  which  are  lower  than  the  standard  coach 
fare  between  a  specified  origin  and  destination. 

American  Society  of  Travel  Agents,  Inc.  (ASTA) — profes¬ 
sional  travel  trade  organization  whose  primary  goal 
is  to  safeguard  the  travelling  piablic  against 
unethical  practices  and  to  promote  the  interest 
of  the  travel  agency  industry. 

Automated  Reservation  System — comprised  of  a  Cathode  Ray 
Tube  (CRT)  linked  to  a  carrier's  central  process¬ 
ing  computer  for  routing  passengers,  confiantiing 
reservations,  quoting  fares,  and  printing  tickets. 

Government  Transportation  Request  (GTR) — a  written  request 
of  the  United  States  Government  (Standard  Form  529) 
for  the  purpose  of  procuring  transportation,  accom¬ 
modations,  or  other  services  chargeable  to  the 
government.  GTRs  are  to  be  used  for  official 
travel  only. 

Interagency  Travel  Management  Improvement  Project — an 

effort  designed  to  analyze  government  travel  and 
make  recommendations  for  improving  the  travel  man¬ 
agement  practices  of  the  federal  government  based 
upon  their  findings. 


Learning  Curve — the  reduction  in  a  chosen  variable  (e.g., 
labor  hours,  dollar  cost,  percentage  of  passengers 
travelling  with  discounted  fares) ,  at  a  constant 
rate  over  the  quantity  of  units  produced  (e.g. , 
aircraft,  refrigerators,  airline  reservations/ 
tickets) . 


Official  Travel — the  Joint  Travel  Regulation  defines  offi¬ 
cial  travel  as 

...  a  travel  status  while  performing  travel  away 
from  their  permanent  duty  station,  upon  public  busi¬ 
ness,  pursuant  to  competent  travel  orders,  including 
delays  for  the  purpose  of  qualifying  for  reduced 
travel  fares  and  other  necessary  delays  enroute  inci¬ 
dent  to  the  mode  of  travel  and  periods  of  necessary 
temporary  or  temporary  additional  duty  [51:3-13]. 


Scheduled  Airline  Transportation  Office  (SATO) — the  SATO 

provides  service  including  reservations  and  ticket¬ 
ing  with  respect  to  air  travel  on  government  trans¬ 
portation  requests  (GTR/SF  1169)  . 

This  includes  supplying  information  regarding  ser¬ 
vices  of  airlines,  selling  airline  tickets  to  service 
affiliated  personnel,  arranging  for  refunds  and  adjust¬ 
ment  for  airline  tickets  purchased  for  cash  or  GTR/ 
SF1169  when  partially  or  wholly  unused,  and  assist 
with  the  physical  movement  of  unofficial  air  passenger 
transportation  as  may  be  required  by  the  Base  Com¬ 
mander  [30:1]. 


Standard  Travel  Advance  Reservation  System  (STARS) — acronym 
previously  represented  the  TMSP  concept  described 
below. 


Travel  Management — the  monitoring  and  control  of  dollars 
spent  for  DOD  travel. 
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Travel  Management  Services  Program  (TMSP) — the  TMSP  is  a 
test  program  broadening  the  scope  of  travel  ser¬ 
vices  offered  to  DOD  personnel.  The  program 
expands  the  type  of  agencies  capable  of  managing 
an  installation's  travel  program  from  the  SATO  to 
the  SATO,  travel  agency,  and  other  independent 
travel  organizations.  Further,  the  program  extends 
the  present  enhanced  SATO  air-dominated  program 
into  the  rail  and  bus  modes  of  passenger  trans¬ 
portation.  Additionally,  the  TMSP  requires  the 
travel  management  agency  to  arrange  reservations. 
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INTERAGENCY  TRAVEL  MANAGEMENT  IMPROVEMENT  PROJECT 
DATA  SUMMARIES 


of  Selected  Travel  Characteristics 


Number  of  trips 

Direct  travel  e3q>enditures  (object  class  21) 
Number  of  travel  vouchers 
Voucher  processing  costs 
Outstanding  travel  advances 


16  million 
$3,200  million 
10  million 
$400  million 
$143  million 


Direct  Travel-related 

Travel  (OC  21)  Administrative 

Expenditures  Costs 


Require  Federal  travelers  to  purchase 
common  carrier  tickets  through  SATOs 
or  travel  agents  to  assure  greatest 
use  of  GSA  contract  air  service  euid 

other  discount  fares  $116.2  million 


Consolidate  carrier  payments  and 

reduce  the  nvimber  of  GTRs  used  $14.8  million 


Streamline  voucher  processing 
procedures  by: 

-  adopting  a  locality-based 

flat  rate  per  diem  policy  46.1  million 

-  restricting  supervisory 

reviews  by  two  0.1  million 

-  examining  in  full  only  those 
vouchers  over  $500  emd 
examining  a  remdom  sample  of 

those  vouchers  under  $500  21.7  million 


Increase  controls  over  travel  advances 
emd  reduce  the  eunount  of  advances 

outstanding  2.8  million 

$116.2  million  $85.5  million 

Total  Proposed  Estimated  Gross  Savings $201.7  million 


Notes  (1)  Travel  expenditures  and  advances  are  for  FY  1980;  the  remain¬ 
ing  data  are  for  FY  1979. 

(2)  Estimates  based  on  FY  1982  budget  projections. 

(3)  Memy  savings  are  obtainable  at  no  cost  or  at  nominal  costs 
that  can  be  absorbed  as  a  peurt  of  ongoing  activities.  There 
also  are  indeterminate  savings  from  some  recommendations 
that  would  offset  indeterminate  costs. 
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LEARNING  CURVE  GRAPHS  FOR  EACH  SAMPLE  BASE 
AND  THE  AGGREGATE  ON  LOG-LOG  PAPER 
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AGGREGATE  BY  THE  4051  TEKTRONIX  SIMPLE  LINEAR 
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Base 

Plot  50 

Barksdale 

87.70 

Chanute 

61.95 

Charleston 

77.08 

Griffiss 

79.72 

Hanscom 

63.65 

Homestead 

92.51 

Keesler 

78.29 

Klrtland 

63.91 

Lackland 

62.25 

Los  Angeles 

57.72 

Lowry 

74.46 

March 

57.51 

Maxwell 

95.51 

McGuire 

61.95 

Offutt 

85.77 

Patrick 

60.19 

Scott 

85.07 

Sheppard 

78.36 

Vandenberg 

70.02 

Wright-Patterson 

87.44 

Aggregate 

78.65 
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EOUATION  Y  -  AtXtB  MBS  HIHIHUH  HBXIHUH  ABSOLUTE  RESIDUAL 


APPENDIX  H 

COMPUTATION  OF  MEAN  ABSOLUTE  DEVIATIONS  AND 
TRACKING  SIGNALS  FOR  THE  AGGREGATE 

AND  McGuire  air  force  base  for  the 

THREE  LEARNING  CURVE  MODELS 
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9 


McGuire 


Learning  Curve  by  Month 


ACTUAL  ABSOLUTE 


MTH 

FORECAST 

ACTUAL 

DEVIATION 

RSFE 

DEVIATION 

13 

18.6 

17.9 

-.7 

-.7 

.7 

14 

17.7 

5.0 

-12.7 

-13.4 

12.7 

13.4 


MAD  =  -13.4/2  =  6.7 


T.S.=  -13.4/6.7  =  -2  MADs 


Learning  Curve  by  Unit 


MTH 

FORECAST 

ACTUAL 

ACTUAL 

DEVIATION 

RSFE 

ABSOLUTE 

DEVIATION 

13 

23.5 

17.9 

-5.6 

-5.6 

5.6 

14 

23.0 

5.0 

-18.0 

-23.6 

18.0 

MAD  = 

T.S.= 

23.6/2  =  11. 

-23.6/11.8  = 

8 

-2  MADs 

23.6 

Learning  Curve  by  Best  Fit 


ACTUAL 

ABSOLUTE 

MTH 

FORECAST 

ACTUAL 

DEVIATION 

RSFE 

DEVIATION 

13 

3.0 

17.9 

14.9 

14.9 

14.9 

14 

-2.8 

5.0 

7.8 

22.7 

7.8 

22.7 

MAD  =  22.7/2  =  11.4 
T.S.=  22.7/11.4  =  2  MADs 


213 


Aggregate 


Learning  Curve  by  Month 


MTH 

FORECAST 

ACTUAL 

ACTUAL 

DEVIATION 

RSFE 

ABSOLUTE 

DEVIATION 

13 

27.0 

26.4 

-.6 

-.6 

.6 

14 

26.3 

24.9 

-1.4 

-2.0 

1.4 

MAD  -  2. 

0/2  =  1 

2.0 

T.S.=-2/l  =  -2  MADs 


Learning  Curve  by  Unit 


MTH 

FORECAST 

ACTUAL 

ACTUAL 

DEVIATION 

RSFE 

ABSOLUTE 

DEVIATION 

13 

29.2 

26.4 

-2.8 

-2.8 

2.8 

14 

28.8 

24.9 

-3.9 

-6.7 

3.9 

MAD  =  6 

T.S.=  - 

.7/2  =  3.4 

6. 7/3. 4  =  - 

2  MADs 

6.7 

Learning 

Curve  by  Best 

Fit 

ACTUAL 

ABSOLUTE 

MTH 

FORECAST 

ACTUAL 

DEVIATION 

RSFE 

DEVIATION 

13 

24.4 

26w4 

2.0 

2.0 

2.0 

14 

23.3 

24.9 

1.6 

3.6 

1.6 

3.6 


MAD  =  3.6/2  =  1.3 
T.S.=  3. 6/1. 3  =  2.8  MADs 
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